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Lsi ly U l3i^' J -^5 <*U>L^lo A5 C-oujI (_£.5qiq JUSLoui) Oo ( LoL^> <l_Xu ; j qj ( Lol5 C-ou^J . C*^J (_£AiA*iq& 
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Ao ,_o S3 4JqX> /jLu^Jl rt>^J ts^JJi ^i • "^ "^*^ Lf° ^^ ij"**'' ^^° Lo Ai^-JiqA 4oU y *?tjS IfOl rt>^la>o vJ I 

:ijb iq>q olj qi jlS ajI (_£l>> 

q .by .i v5 JjJuj (_^ y^fj^S <CoU o 4> K ^J\q5j /jjl /j'qj' (-« sIj /jl rt>^'-! (V*^ J' (J^^^ lSJS^ ^?d' ^ )^" _p ' 
JjLloo /j^^ !_]> ^J Aj L^JLj 1^)1 JJi^ (^l^ I J (j-oj^t JjL^o oJuLLS" j^) GPS d^b^j^V^ JL> ji /jqxk^ 
/jLxJl J V ALujI q | LJl>o ( 1>I^o L> I i iq> 4oUo J V ALujI ( }>l^o <^>l> <UiL^o Oo !}> <i JJi S ls XmJ <*5Jl> Jjiq^j 
JJl o3a> C-oul) li ?a*> L> jj 1.5 laiiS Oolq AJoLo ^Soi /jlfliL>to /jLoj ^WA <i .AJL&i Jj..W'i q d^u^iliLo <<ULu^o Al j_^I>> 

. jJLxJl ;t3; dj 4>qj' /jq-Jj 



Natural Language Process 

Knowledge representation 

Automated Reasoning 

Machine Learning 

y 

Vision 



Robotic K 



Think like humans 



General problem solver 



• J 19I C-ua>Jo A&J $SyS jl ^L9j (_£"& (_£ ' )&> AJlaX) b' JuLS ,_o i^S y 

ir 

: l?j3^> cr^ j' J^* 

JuLLIib J9>9 isi"^ <^b>> IVfl Jb/J )i .A^> .9L2JL0 ^Jlf. /iJ-ol $q>$J C*£-b vSoJ ^VJlaS ^JyiSj a /yj]&B &£-tyoJ>us /jjl 
<CC*ob ^5>J (Ji> olj ^5*1 3 JILLS' cJbjj lj ittJalo .jbj Aj <iJL^o jl i^-y2> /c^ (j^°j 3 <*la9l> J$>3 L> Abjj jjls AS' 

:jqj q>>9 j oAoX- ( }5\Jlo oj b ij^S S3 jjilaJLo C*sL& j .JuLLS IJlo I i /.I AJjb 
4> iJ >J I Lgg.r>'>03 dj^uJ (_£i Ojb/.) il5 jJUaJLo n^Mf- bi^qj' ,_o*ul>i ,_P^ ^ /j' ik-^P' 9 is OMi JJi^' lJ^'^ t —*^Vj^ 

JuJjb 1 ♦ *A Jl v^»5 (jilJb .jlLooAsI 

iljjo b Ai JJ ib ^5>9 jJuLu^o (c-^v. J )I J ^5^3 J«f ij /jl |°b>dl a iS)& ) J aJL^o /jjv ,l> J-;^ ,\o ,J> s'y CjoUS' 

.JjLiSo L J'lou>l>Lo C-oi^> Aj <3l> 1 1 Jji^D Jjlaj' j-o CjL*z> j3 (-aJ 

C*SL& i pLoJ' C*SL& i AjI j^jo Ao iSvJ jjilaJLo IjJol 45 C<-ujI AjI jpl ioj V AlS ,Lo^- ,-fllaLo JJbla>o j-o^u^ouj >J I 
(_^L& ip~9..% LSy^iir ^ (_£"k ij- ^- .C*jujI (V >J' ^°^- t — *^W^J (ji' Oi'>!^ -A&i ^-o il 3 ia> ^jloJiaj C*>o 1 1 ,J^3 ^J<M> 
li .JiLiIiu ALiiib Job yj 1 1 .... </jj j5 lAu (3^3 'lf* V° U^J t - J ^-° ) J (_p iLuuujI < iU>^o ja> j jSJlo^- ,Ua3 jl j_^ vSoj 
^IHLuliI J-JaJ' ASvJb*- ij C-u/J ojo; ptL>uz> j_^L& ^tCHujI ^Ja i o oJ^oX- Ap b" /j^S S3 ^oWl^ b iS^flJ' ^VJlaS ^J^Sj 
ij Ikjj C-i-u^J C<-uJij ^UlLujI J-obl) laiis .j&laJLo jjSJlo^- vSoj CjiLt 4> C-u*)l ^olol^ J- "-- ( -*J j' ,^-0^3 (_£U& 

jJC> A&j iob>ul I) /J l * £ ' -V.". r<>^ J". J-°"' " 3 ' ^ (IaJ ^5^3 i D '-? L '' cS'y. l£' a ^> CjLjI a p^>oz> rt;».>ir>''' L& C-cot9y> LS tJ^o 
jj^i jl iSvflJT /jqA) C-oul)j /jAoi^o i_Ji£- Mio joyoj L$y5 n:.^' n "' 2^°^ c^"^ ^LCILujI j^jLjI y /jly /fO-* ^J'5* / ! ,'^' T .' )J 



Cognitive 

Think rationally 

Syllogism 

Act rationally 



cyS JlO jl I < iS-Y+ajs (p9^ L (V.'h~ .C-oul)I >j i3^3"° lP^ 1 ^ y*&> j' (c*^" J* ^ ^i d^"*J AS Cmjj] jJlojJI ,yu5\£- <pb 

:a,b Co)* q5 ft jjI (^ ^ (^j^ (fj^- ^^A)) lP^^ J*^ 

C-u*>l ijSS AaS- &£-tyo£Xja y\ /j^y v5\S I oj AILuJfc »>Jb .VJlqS jl y jjaat )Lou^j i )"^? - t —*3bjb i ^5C*>) 

(V C*sLa>j ^> (Jyy JJi) ( t^5' ^3 LS iiklo JjL IjIjI ^fi J^£- ^jiiklo ,_jl^ ^^^ 

/iq> JuJjb j_o (5-oJif- (_£u& C*3 v*£uO £->b' y^^J /jbxJl »CS i 9 >>j2J o ,-i^-o (_^bi C *Sbjfc 1 b djuoULo i5 .d ibx> C*3L& 1 
y octj\s- AUib ^o /ib^Jl )b3 1 V. &£ y> (s*-^- ^5 Cim}\ /ji"^ t —*3bjfc 1 jl y oJj /jyl5 (j™^ (c "^ c£"k C *9 >ji£jO 
C*3bj& j o i^y y lUb) .Jl>LuuJ>i Lo l yiy^>i jl iq.5 q 4X>lL«£>b q oAj^Jlo /ib"->l )i-3 1 b v5\flj y ,-i^-o (_£U& C<jbjfc 1 'iVj 

(Yq\ <jU 
C*^J oJj /j!5^ol (^p^^ JLo^'' i D '-?-'' 3 i_r°" liJaJLo 4> /jJi^il iJ-ol5 C-cJjUif- Aj ZiJi^i oJl^lo <_£bi iaj^Lo i5 
i iD jJuJi^oq i_So iqio CJl> iJ-oIj C-cJM&f- q ^jojj ^o 1 1 ^JuLoiq^) <iLy^> »3 /ololo Jo ^-o 1 1 (_£5uj CjLoul)L>lo /jq> 

.Juib 4Uib 5q>q CjLoujbxo pbxJl i^Jiy u^" C<3q AS L _olSiL& <j^y J»f C**»> O /c-^V. ^3-J^° C-cJjUif- 

oJlJj .jl /jJ^I ^3^-V dffu q 05qj bbj'il |5 jjf-qjlj^io (pq& b i^-V ^> & ici"^ ALJii j-oo ^frnu^li ty i ^ b lS.HJ 

:j\ X>\ CjjIs- L& ^ /jl 45" jjI 

jl /y&i A5 Al&i ^-o |»b>ol (V^vS /oj b Ij jl5 /oj UJl JJI>Ll> o Jj i D '-? L >' 9 J0' n ' i_H^ b /c^-J-^ 10 (P$^ Aa^jMs 
iSsjJj /oj q AlS j-o J-oX- dSj^S /jLo ^yzjli- jjci-b /jbj 4> AS jj-iiJb jyjbjjl o 45 Cmjj] j-LoJiLo JuoLo CjU-> /c^^! 

.■iqjj 0iUluL>l Ju^> JJblqi- |»b>ol 45 jJTLoljJI i_jL>loI (_^l>> Ajlqj' ^-o 

.-bib ft>*Jl L& j»j jj>3l ij_^> ji I j JVJl»«l j uLki tlS"ji <Ujl CjUIjJI ( yS^^ ilyl ^1 S>i_^ 

.JJi iql 1.5 C-c^o-uJ i 4j I i AJLLS j-o 41^Lo I i aSJyS ^,gtn'i illiol J iqo goto 45 i^C, yS ^,gtn'i 4iLu^o (/jubjLtalfll 

.CLSS yaj i5 CjlfrMk>l /pjb o j_^L& A^Lo li L& /jlq^ q L& /jbxbl /jlqj' <-« ^ JuLXSoJj li 4^^2> iS /oj /jbjjbUiolq i 

.5 ib iqjllaj' 4^»zj v3 /oj b /jbj jl o5ULi*>l 45 JJib /jb^-> /jb*>U^> /jbj 



Y 4oAio : J3I J^i3 

' ^V' L^V"? - ' '-"-"*■>' Ojuol ^5>9 Aj J'^ooD C**1a^> <Ui3l> 3 £^£-y*i \$ <u ,-o-Jof- <_£uo C*9 ijlujJ /J3-^ 3 C-u*>l ,t£j|i9l 

Cybernetic 3 Jjitf 

ti . AJLL5 j-o JaE- <^^; Cj 13^0 <&J l^^Ka jl i ia>ju ,yjluL>l o 45 iib ;15 3 vi*> bb olSvLuji ,j>IJe b J^IiS <b Joj 
4> /)A^> LSoiji J'- :> ' J^ "0 4Ui < i\i\ Lol C-uib CjoUJ' jjtal^Zio ,yJa& b Mali Jjlij "V.)^ LS*° -J (_£bb;lj->l '"^*i' 

■JJuuuJb v5oJ3o 

(\W-1W) <_f,j, ^^LdJjl jLl3| 

(uvr-u^)c^si 5t /jji 

(/j^JLS'b' ^^^A)JuUm^3& ^L^lolt j9^1i 

(_^L&jl5 |»l>ul (_^'>! L^)l 45 Ju^> |»b>ol jI*Jvl!la 3 ajl5 i_S^o la^joj ^^nl.r?^ /p9& (_£ «a*> ji l£-^-?" J" OirV JnTV 

.JJl ai ij oilfll^l AaJLo V jl ia> 

jio <i /J3>' ^ vSJloX- 3 4ju (_jtajaj US ,»)uib (<-flJI 

bo byS 13L2JL0 ^om1\ ( LJt>o (i_J 

Oil b Oil CJl> 3^ C-0UJI3J' j-o i_-uzi£- v& .jl <i 45 JJib ib-Li^o i^-^aji i<,'.' n( - J-^ L -5y. <>i*A Sr*i'3 3 J^'j 
xA> jib 3 ii ij ( L5^CJ rt,Jo Aj Ain'n j_^Ub i—^zif- jl (_£l A5v^i La^>3J' JJI3J' ^-o ^TLoujL>lo xju' jA /jjl olo .Ju^iU Al«ib 

.2>S i^'y^> *^Lo 45s-yi oiUj (_^ub iU>L*> ±2mj&> /1I3J' (-O 1 1 
d5KI ^Al^-Jiajb jjloJiLo CjLoul)L>^o» (j'3-^ E ' 4 c^' <J J"^° >i m |jtiili^« /p3^ j' iJ 10 " -VP )4 O^S '~^*iJS^ ilr •I'u* 

.iii ^r 22 * ') ^ L -5^'J r^iJ5^' 3 O^ L$)ir ^V. — *— Sio ioj /J3-°jl^ AJ0L0 (5-0^0 lio 4JUL0 /jjl <i ib 

.Cu^b ^b SNARC 45" .Jjl oi^5" (j^l^ 1^ ^..^c- ^bo a5L^> ^3^15" ^^J^l jJJ^oil 3 ^S^xLJt, :\'\Ci\ 



Feed Back 16 



AS A*j^>jS AjI A>lJo li AlS <_£jb (pi oALu^>a> jl v^J £-&S <jA iu 45 Co-Lo (_£l Aobo Jjo^luj jjJ'J :i°uT 

.ib (^ pl>ol <_jl oiUII .jjjb- ( _flAjlS'<JVjiiujl J^e- L> 9 ijS' ,y> o^^So (j^$^- 

C-cJMiif- (_^l> A> Ij (Xni.^n ty i ^ b i°" 9 JJJ^I rtf^ ^p Oa-o Cjib .yvJlsjiJLS ji ALJ}< AjI ,jlAJLA-Jl>b 9 .jl? \jj :iw 
Oo 1 /jbj iVj ^>5 lLoJi Ij JuJj JjJuj (jf-aJlj^io (tia& /j4J ijd>^ A> Aih i^t-i^J /j4J ls'J <-£•« /jl> :i°uA 

.C-u*>l rt>iA3 (_£ Vb gTK?n» /jbj 

.jui ajIjI al^ p^i (j^ Jl>5^l J5L00 J> (jl^ J?iL>l j**> k^y SAINT 4ob^> :\VT 

.i^ ^ J> I; jb jliu>b (j^ JjL^o a5" Student A*bjj :W 

(jysjl js (j^jajla (wLJ JjL^o ^U- ,_$\jj aS" iaj ,_jl aIl^o sJj !_j>\)^ y\%\ 1°^' k^y AnalogyA^bjj •.WFh 

.C-3S ^o \]jS aSviLuj] $sy> iy>$&> 
'•^idS A»*> A> jyC-nl.r;^ /p9^ CjI&JL>o t-ou> /j-i«*> J>*S • 1 ° ^^~~ I v Y V 

3^ (JSyb ,j^o ur L^U <u>/ <Jjie 4*ri>jj 4*U jJ J*e JU [A> 4eU jJ ^glft pjJJ j^CJ1 j Jui ji OJUXJ (utfl 

A> Juol <D b (_^l Aa>JT /jjlolo .Jmib i.^O^ <jbj /j^* 3 "V.4 '^ M -^>' W^ -^V /c-^"- iV.-^? - L^M CjUJd jl ,^-)J ij9?" 

(jl^ ^jL^o ^ja (jU Aob^ j£\ p .&$ l^iT J> jd ^gjuw <tf ^Lmo j1 ^SjU**J <ij;!^ ^M"^ (V 

(Jloj (pq j (jjl 9 ia-J) IJuj <ULuj^ !}> oK AS /pLoj b' tsr>$y te° i~J<y£M \\ L& ,l> oK t_fl.U*_">oo CjLo J (JjLu^ !}> 
• rtfjJu^) (-o A>la^ lUuAuJ b AJLUib i^yL^j CjLu^>3 A5 iJjLj^jO CjLS'I li ^Ja iaj 5oA>to CjL*c> 3 iljjo AS iaj /jSva* 

(Jo JuLj (_o ^LoJjb Ij ^y~**> iu Jolaj' j-o AS (JUbl^? - 9 C-"j| ^''^C ASv^Ji iV.^ 1 ' *^b*> </iQ CLouJ utt C wfl )0 
.JJbJj (y2x>uil» K (_^^9j9 oi /j^V CjoI^o Jjlolo AS 3D /j^J9-°l /jtl>- /jl^* /e-o^ M (_^^9)9 9^ cJ^y^^H 

(^Iji oltMLI ^U ^ aiU (_S^ ^3%* ;bsb^ aIi^o J> jl Ai^j aS" DENDRAL A^b^ :^ WUV\ 

j4io Ju^ib (_o jjl iffoy> '-^3 9 JaSJq^ Ajol Afyo3 J- "^ A^b o ^J5q\q AS JuJjb ^-o /c*>> jlSo '-^t' i— So jl oJu^> 

Aobjj aJ 5 I a>uxJ .ijS" ^ 2;lj>ci^l Ij j^b m=15 jjIjj I^jI ,^1 py> aS" C6H13N02 ,jU J95U0 yj ^Uj 

oj iljjo Jjb /)9> ^aj jUj s^l)5 ii O 1 Jj Lib JaSJq* (_^I>J AS 5 S ^o AJy M Joo v3 b jL?jL*> /S^oji (_^UbjLC>-Luj ^LoJ 
oilflLuLiI yvZ,yvl AJL^Lu AlzXb oi jl < Al^Lo Alaaj i_So jl oiLfll«*>l (_^l> A> AjIj-jLu -^ ^-o AJaJ' (_Jjjibj j_^Ub JaSJq^ 

9 (jiJb olSob (c^v. i«j /ji^b \5jaLo ayS- ftiuj^) (VJjl DtuNDRAL A^b o .jjb (jijols L& cJ\> iljjj b jj^jS 

yS- j_^Ub j^u^oul) (Jo io-Ji (_o (j^ib (W^li- Af-lo3 (_^^bj ibjo jl rtf-^i^ ( — ')t^o o JJioj 'S \aL& l> Oo ji J jlo 

. JJijj |ji> jSjASo jl b^l Jj^ 9 (jiob ,ji>L; MYCIN JJjU jSj3 



ciL&; £j| jl DENDRAL 4ob^> .jj^Ijj Ij J^lS" ^U J> olj ^jisL c^> ^ ^^j' U AJ^b ^ ^ I; <jyS$L 

.iaj oAw i^~\)b oAC-U 

:DENDRAL j MYCIN Qjltfj* 

jrl^^J jl jl lj MYCIN Afrits jl^ aS" c*Jiljj i5> 5 ^30^ <_?>k" J^> g^> DENDRAL acI^S <JM> y 

( _fl^>fcS' jl O^O- il^sl jjjl ij> 45" .A*o .^o g\y>£^J i OyS- il^il L) J^^isLo <^>Lzio (3i^ jl A>L) AC-lai AjI i^ 

.Ab i5 j_o oilalwl ^i£Sji\yjj Ac-lq3 jl 9 ,nin"xj 

i_jLu> i_x> jl JVlYmN ajIoLo c*>L*> ,_o ^uSotio lj Cuiib ^9>q tP^yt. <j"^b ji <u v.TWq j»ae- AjL> A&lqi ajI 

.i j5 j_o oilalwl C-coJaS J^laf- jjlaJLE- 4> C-coJaS pAf- 
DEC cSjJi & r (Jjbo a^ (tlu^u. ^jJjl :(j^S'U1^A*)w«AMtf 4* ^^MOA ,jrf$fc J*^ 

..} »5 j_o {_jyZ>Zjo jL> ^jLl)I o (_£ y^^oO ^U^mJ (_£u& jp ili^L) rt;»r>r'' Aj £9 vw C-uib pU IVjyvHJIN AS 

dS" Cuib f\i Remote Agent p^s^ ^y jJ 5 l : j&fcod^ ^gJuj ^jtoj 3 ^Sj-L) 4*UjJ (uJ)1 

<( jl^> ^^^k^ (jU^s ^ V/fi y Tib a>lJo Lj c*^jly aS" i^j (j^'^^lS" jJ^I ^b Deep blue l£ jU ^ImI (o 

^jyil ^*^o J^L> ji JJ^J^ C0IA& jj\n',n -!o ALVENN ^y^jte ^.llu f&lu^*) SjUAAtd^^ J J*** VC 

MYCIN ^h,.,,. auU t^girt ja { js * h mi (d 

LfLiqj iA>to ,_f yj <Lo\jy q jJJi^c-i' jljjl i-So jl l^.j-ol '(_>^;^ 2^> (jl^ (jbs^ J^ '^J^'j' C5 J^.J ^*«J$ \® 

AS Aw j^o oiUlwl Jib a ,)-*> ji (_£-^ (jLoj 9 L^^'y' L?>iJ < *-°l->>; J 15 ia> |»bxjl (_^I>J <*5 ij5 Oililwl DART 

.ij5 ^-o C^3uji (_^5j9j9 /j'^^" ^-* M A.^?Qn 9 IAa^ 9 UbajiqS- <,jl v3lu^o iljjo 

/S"! jl ^ l ; £±>\jiic, oUiS' J 5 Ia> aS" c^I tjy^'tf teky ft Proverb :4JLmc J> 3 ^)b j ^jd (^5 



^.^^ Ji^t, 



JLoS j>T ^mj oVt 3-j 

: AA-AV c> 5 d f y 

/p^S^j /jLxJI jJjU (t_j lP,^" J-*^ u^' - J ^'- ( i -^" 

( ji^S'^J (jLxjl JJjU (i_J lP^ J- ^ <j^"^ - J ^'- 1 1 -^" 

ij&n'itnr* iy>$&> l - fl i) J' ^aJ" P\<iS O P-b ,al>l (_£9)j' '--""■'^ <j-^*"5 l_J*£- (C^qS iji^ j' l_S*"^ 3 J* "^ 1°'"'?-'' 

A^-AA fj* )»>i 
AA jtw»U fy 

Ajaj (j"^' ^ v5Jlo^ .l_J Ajaj /jL UJ -'' V^^ 1 .1-flJI 



M 




JtaMf^ft ^IgloU : f>$& JLad 



i-^ol JuJil^i- J^iS A>l jS 4>ol 



4k$J^e f^&lAo 3 Jolc • 



l& ^U9M £l$jf • 





^9-^" Ji^t, 



\f 



Ift b+x* j lb JLoU 

V X — 

li^w aI (_^q; >> l&J >>w (3i vi? jl 9 Ao ,_o i_5h.il l&}5w»> ,gj \s \\ \\ ia> i_Sl d?\ 1_j>wO 45 C-u->l i^'y>- \&> 

Li j* - - 




■ 



J*U- 






J 


♦ 




9 


Ufa J jaj 





AaUj j_l -L_U_>_^ L) I* .X^I-USI J Ift ,X**_>- (Jj J* jl L* (U^ 



:b J*U jt ^Ifc J£o 
u-jLJf Jclc 

iijij '(j4j "-" ujj 9i 'rtf*^? - '(Py • Censor 
_>&_ (jL&joljjl «,jU.i«L. <c~_o : effector 

JwJb 3j Jclc 

3*^ J5-U <jIa_j_jL 'o^jj^ • Sensor 
U> 9 jLU> £j><j£y> - effector 

jJs' 4>_L_> : sensor 
^ioLoJ a>___3 : effector 



agent 



sensor 



effector 



\b 



Ai^-JiqA (_£"& J- ^ : | D 9^ iU^S 



.Co*>l Oi j5 Ci9u ji .jqiS b' <UU- 45 (_^3i5" ^ J-°" 4iLL> 9 4>t>ojb' 
.ijb ( _ 5 5tl^ CuJ oi^ Cibji (j^^lj ^ (j^l.pl <Jbji J5" 4; Aii>J yt, jS J-olt la^iy J^f- s_Sy i_jbxl>l 

li ji^oLojl |Ol>ul <^&> 1 1 J- ^- '-So >5| .AjLoJ (-« l-fljukOOJ 1 1 J-olf- 4j i iql li .JoA^- Cj ;9^> Aj ^JjloJ ,_o h J-olf- £->b' 
j-o |»l>ul 2^>b li J- ^ ^5 .j'loljijl 9 C cu h /S^mjs Cjl5h.il AUii pLoJ <,i^oloj1 b rt>^'y /5- ' (*i*^b ALJib ;b^>l 

Lolf. oo (_^'>! ip9)^ o15jj.j jl .C-u*>l ij-olf- /c'3>^! (_£"& lP')13 JS"^ - Oi ■ i*ii"**2 JS"^? - I- ^'. V"" J^ JJfci 

Jo Cmjj] (c^'b m ^jtllUl t-&jj^&> Oo J-olf- ^jb'.ia^i ,_o (_£jb*> Oilo J- ^ <^bo Oo Cj sy^> Aj J- ^ £-jb' ,^£■3^2-0 
• Ulf- *jb' (J^lf- iouo y^Vp t - J )™' ^ ■C*u>l >>l i]l> )i <_£ iUjw <i 45 Ju^)b j_o (c^'3 c^jb^ °^W. '-^i J- ^ 4^bo 
00 S 9,} 4> I i LJi 45 .J-lj^l i-fu^qj' <_5o 4> 9 C-u*)L& rt,!*^^) | LJt>o (_^'>> (_£ )' W' J-°^ i D 3^-° • -A*£>l> /5-0 l^^ 1 ' b 

J*j>$J> <£tet: Jlic 
[A,Dirty] [A,Clean] [B,Clean] [B,Dirty] :olSV1 



^38 





Percept sequence 


Action 


[A,Clean] 


Right 


[A, Dirty] 


Suck 



percept 
Percept sequence ' 



cs^?-^" oV* ^ 



[B, Clean] 


Left 


[B, Dirty] 


Suck 


[A, Clean],[A, Clean] 


Right 


[A, Clean],[A, Dirty] 


Suck 



Aj C-oujI jjAjJo .fatSS i-a aSU&M)] |j|iO )Luw P<j &i ^j] ojlq jl J^lf- i3j C-cJ*9q^ /j'ji-o cSjir °j'^->' (_£'>! .^9^i ^-o 

jlio (jl^c- «*j • ^*^> (WJ J-olt Tjv& -VP jl -V.u isvy^ j^o" .ijlJJ ^9>9 "*> J- ^- A*A (_^l>; .jLuSo (PJjIj yt**> 
C*£-Lj JuL> li oJu^i £a> AJuj ij'ii* ' oJui iSynn jjSo >lSJI (_£j >>l ij'ii* : J' -A*J >bx isi')" c£"kj~ t ' Ls^y.9J . L$'y. 

oXJj AJaJ' (_£lA*o a y*i /Jj^ 9 ic^H 3J . * a " , 9^ 

.i »5 /cjLiJ (I CjJuo Jl >i <i I j .jl \\S iLoio Job . i ib C-c^oJfcl jjl ;15 iLoto /JUJ )l /jL°j 

(^ib j*> 4o&) a jA£ JS" Joe 3 v j&# v g a i a U« jLe o^laj 

: f*i$^ J 5 ^ ^3^ c3^ J 5 " J^ 3 U^ cs^^ t>rf -V.L; 
>^ l —*i* 9 '3 .P (3^3! J^" J^ Js -^ cs* J^^ (j^LujI (jjl ^> 5 Jjb (^ lj jjiJ'UljJl (c^lj ^^x^ (_P (J^ J-°^ i-Sy. 

(U^olaA q ji OiLo ,y2>ui /jU^iblC-oujI /jSs^-o 

/S^mjs yS- Juolf- /ul> ic^' y^ 3 -Uki 1°'-?-'' ^92 A&lq> Aiilfcj J*^ P ^5 1 1 4>L>I ,1-olf- LXi 4j rt>i->*ib ALuib illio] 

•rt^joiiU ALJib illiol ql jl 

: C-oul)I 41*^>lq l^ iUX> 4j ^LuuuLgJh J- ^-- '-Sy. (*1^9i .. <Uc>M> 19^ Aj 

AlS j-o ji^a^ullo I j ( LoLc- C^JzStyo A> li <u isi')" J~"-° 

^ (jS"^! aJLj^ Ij J^lS' (jS - ^! A>t>ojb' (jjl < CoJ flips' Ciibji ^jioL&^^^s- <iL^>qj ij$^^> J- ^ ^ (JIa&LIo 

. AJLob 

. Jjb ^ Ja*»to Ojbji J-°^ <^ Ij *>"l 

. AAO ^bxjl Jjly ^ J^>lt 45" JUtl 

. iq*i j-o Jl ojjl olol/i J- ' £ ' ( -*J ( - fl i V 5 - 1 ' ^ y*-^ ^r^° (3i 



performance measure 



y 

Rationality 



omniscience 



: JT o Jul iS iki* J*U •-« jju 

«. JJS' ^ jS'L Ij ,jjI (jjljlS' jLow b' Aao pbol «ijb 45" fj\ 

£oJ> i io^i j_o oAJol CjIJJoLILo ij^ii' 4; >>^-o .JmLe- 4> L) A^&o Cjlf-MW .ji jal C-ua>Jo <4> >>o-o 45 ,JloX-l i»l>ol 

. C-oujI /j'Jaj iiin'" jl rt)-^- C<-o-u^S <— Sy 45 ia^i j_o oJi^U Cjlf-Mbl t^J jal 

: jl CuJ djLfr /p^S" J^c- (jiilaio (^l^; pjV L jL&j^S'li 

5a> CjIoOu 4j 4>aS' L> film^} (_Cvp5b 

A*ob <c^ob J^lf- JjL> 45" (_j jb>u>i^> 

:JuLLS j_o rt^ou^flj' l_alX>^o <a5 4^ 4j I < ,1-olf- £->u 4^u>l>Lo <J^3a^ (_£"& J- ^ 

5ayii j_o |Ol>ul J-oLc- T^yo la^aJ' CjLoul)L>lo <_J JjiLo 5ayii ^_o ,->l >b J-olf- /j-^9 

.JJb.j ,_o |Ol>t>' ^Ju-tZuJ CjIwI>lo Ju^L) j-o 5a> (_£Ajo .LoX- |£»L>ol (_£l>> (_£>p rt).'.'>'^>''' J^ P J- ^" ic-^9 

.JJb5 ,_o |»L>ul 5a> )^i >i£*^ (_£'>! c£>"""^! CjL-ujuX^o < 5 vp ,_o 5b ,j£JIoOcj jl .Lalf- (5-^3 

)(->9 ;5 /y^l^ (WL^I >> laiis J-oLc- ^5 I .ioyji oil^J Lo ,Ja ;5 /)^l^ 9 ^3^" ^ij^y ^iV. y i_s^^° ^U^ i? J- ^ '-™ J^J 
45 C-ua>I AjI v^> ^^j I vjLo C-ua>I (_£ iUC>lo 5a> JiSlJ AlSo 4>aJ ii^Lo jl ojujj C<Ju ji CjD I iil 4j a XS A-aS- (AJL^oj (Ulo 

.iySo daj li j;J I i iyj3\jJj>U (c-^V. -J^)L> lti>^oia>- J^lt 

Cj ;a>^> Aj i ib /5-0J <Jl>i>o U a i <|jj ^1 4)iX! J- ^- 15-^9 • '-- "*■>! J-°" (_^ ill>Lo ia> 4j jLj IjJol jl Cj 1JJ 4> AaS- \5 
J^>l5o (^l^) JJallS- 6$ Aja5* (jU^o /jjl^jLo <43^5j la^^co jl (j^jbl goJa l_)d>1 jl jja^- i AlS* ^ Ja£ (jSiLziJ' 
«b .£>ySo iu ,jUj.5a> ly^jJ 9 AUUo oJJj ijjbl AJolaX; u C<-ujl oib jl >3 /j- 1 '!^ (_5^ iV^^U ls^ OjlAJl 4j (CjUla^. 
^yuJ . rt>i^S rt>^l>5 J- ^ (_jly ~9' i_y^'^ (_J)IJ^° (jtaJL^io (tioio iLolt Oo (_^l>> 45 iaj AiblaS. laibio <<bLLo ^Sj ii? 
.ia>i ^il [Ju3 /)^>b jl JjlLi^o Jayo )3^ ^ JJlaJ ^-o ^Jtj^SiS- ( LoLc- i_So ;l^9; '/)^ T° la^c^ jl (cSIj &Jy>p 1— oaaJ jl 
^jqfbai* ^bb iipto jS Jjlai) b' AlS" ^^0 wJj (jl^-°l lj *^L^ (5^^^ J- ^ 1 -^V. (s^'^ 'iSjS^i. (1)^9$ (ji'j-jbj 

:(PEAS)jl5" iuxc jU-w jj^jo 

JuoLo ^5 <la^ . Ju^L) ^^o ,Lol5 Cj ia>z> <3l> /)l3\-ol J>> U iD la^Ka CjLzi>uI1o (VjOO <U>^o /VJ3I < J- ^ - i -Sy. (_^l v-J 

U^Sw^ 5 (Actuator) U> / ^IjJI < (Environmentjk^w .(Performance measure) CJ il;lS' ^LJLo 

.jja^ ^ t-fl^^aj (PEAS) jlS' la^^os ^jl^jLc- coo (Sensor) 



a 

Information gathering 
Autonomy 



^q-L^l* J*<p, 



u 





... f U ^^> nib >1/1 tto JILj- :k>v - 


0* j«iii ite jLlijT (U j^-jj) jljU ««Lj :L* .j^S - jJ1 - 


... j Li *'._,». i j j, 3±'j*j iiX*i ^LL i jUjj :U pjt^jjl - 




■■■ J ^J A* **£ **»**• *j> ^ J? u A* y w /vM" -GPS 



rt^aJ ,_o JJJ&Jj ij-olf- 4j 1 1 ijLoj j' 4li>J jjb ij iij^Lo ,Ul5 C-cuu^>q Aj ^jjyUijS <j^-°' J- ^" L -^V. (_£"k >5w»> vj I 
(_£ufc Iil?^ <j <15 xk>liilo CjLoJO JqJi^- liL?^ q A <Jjl> la^>^o <gu jloil'i 4>jL£> : JloIo C-oul)I o Jo ^-o 9 1 3tal5 Li^^o 
LJj jj 45 jJTlsUj'l JJIal) b' JIS b>*>5 9 lifl> lj (jJl> gjfc J-olf- 45 Cou^J (_^jtJ I v>J ColJ /j"^' v> Jo C*J aj Mol5 
(_£U& OjIj jj 1& CJ\> jl jpUxlo-u^S Jqjj (_o C^S-\J bqj U 9 1& S^> C*3j pAf- <CjlSql (-&15 .A15 C*y Ij A&J ,_o (_£q) 
.Cmjj] wJj '—■^.iJ < *- ^' ia^w <-Sy. lymJU jjj JloI < L^-Xxi . AILluA V>.-V. l -" l i9) <il0 "^' '"^ la^^o AjqSCol Jjq^i i_3Ji> iSw) 

jq^i (V^ 1 ' J-°^ J9** ^i la^>^o (_£Juo C-cou^>q jq^i ^-o |»L>ul ( LoLc- la^jqj' <u j-olASl 9 ,J^ t —*i** z 'S iVjLujI >! >5 1 
4> 4>qj' /jqJ-J la;^^ Oo jjl . (iq^i pLoJ jVjl) L) iq^i >*^ U-L&l vi-l v> C-oujl aSva^I C<-ul)I jjSLflJ'l i^uSb jjj JuoK 

t_jl>oi)l ,_fl <d>y> (^Ui iipto jj . juiL; ^ J^t i_So !»l>ul 0IS0I 9 J^>lt la^>qj' t-S'ljjl J^Lo Episode L> <d>^> 

jl (_^A1> 41«*)J (_^L& ilS jl (_^ iLoujJ J iljj (_£ uiu lS-^> ij^'y ) J 9 ^)' J ijSiJ*; <U>^o aI jq> 4> IaIj <U>^o jA <j J^f- 

JuoLo j iIaSo uiu cS'^ XJ . '-'w;*'^' >i JJlqJ' /j* iJ 1 *^ rt^** 1 ^" is^y ^ir*^ J^ ■ "^^ ls^ isi^^**' J S-'^i* ^ T ^^ 

. ^yuSli' jjj J-ol ( 9 gojl^iTi 
.AJL5 j5v3 >- i '9J^- ^J JilAJ jLJ iJ-olC' /j9^- AILmA J ojLj ^"J <b C*^uj (_£l <ii>^o j_^L& la;^^ 



Fully observable 
Partially observable 



ir 



deterministic 



Episodic 



ir 



if 



JuLS* ^uju jJ lajjxui (J-o-C- t-jlxl>l aLi>J b' i_Sljil CJAjjS Aba>J jl ( _Juo)juLS' ,_o .ioju J-°^ ^ (c^i «*i^ls _p 4*1 

1oa>03 ^j-u^Su' J AJol i a ^u>lLJjla& . C-u*)LC*xol Li^oj Cj ;9^> /Vj v^£- O < C-oul)I baj J- ^- /)' (_£'>! bi^>OJ P*tt.r (5"° 

(_^L& £■!>>■ C*uj| |\5vo~o ^^JuoK ii a JuLj ,_o ij^oo Loi t!^!?!}' a Aj j>o /V> ti (J5? - /c ,u - , bL«Jjla& P • -^■■-'"■■■■-^ baj (_£"& 

.JuJjb j-o UiLuuO 1 go sWil'i a xblfllo CjIoIj Ja.li> ii^OJ .Ailj v^oo ,jJ JuoK <V> ti (jloJjbK 

.CujbgJ < *-°^> C*£-bu> b go sloil'i Jaj^Oi a bC*xol <C*£-lu> /jq-Aj go Ja^i ii^oo .ia^i ^o AXflj baj >1aJ 
:C-ou^J (_£;l> C-cunz>a la£> Aj AlojLj lUlt y>j <_£bb bt^OJ jl Os^oolJj li ijla^) 

Ja-s** Ojj-^2jl jJ> jJH41~~5' Ja-s*» ijS' jbj Al**^^ Jsljpl b (1)1 ji Ij J-^L^ JL^I j OlS'ljil .il-UJ ^Sl 



i v3o HmjjjjS vOlilo A£-a«J>03 yJ I ,Ja ALuja^ Ioa^oj 5y5*> ia> A> ALuja^ yOliLo .Lalf- Oo JLoX-l b CjD Kil >J I 
ia> Aj ALujau oiliLo tZ*£-yjj b /1L0 v3 (_£Ub ^.3'i ic-"^" ^jJ JuoK la;^?!^ <i Jblo /jlg^C- Aj .JuJjb j-o AIi^umS la^Ka 

:4iclc J0> Jblac jd <Oelc *Jo 

lj xLbilo CjUIS" J3-A> /jl j^ J-°b^ <-^i *& ls U.'?oj AJoU ijb jl^9 /jl ji J-«bi i_So laib 45" CoujI <iJu>b; i_So ^U./?^ 
,_£ jb iipto JuoU .ijb jl^9 lajJXo ji J-«bi i_So jl jjILo^iJuib; Ai> ^bb iipto jS .^^jgjbv lapto b AlS" ^,0 ^bv 
<Uu>lf-JuL> a ^olji <JULolf-JuL> j_^Ub laA>03 ALuji ai 4> AJloU- AJL> (_^Ub bij^oo.C-oujI AJuolf- ai bi^OJ lXi Aj tgojloil'i 
1oa>03 JuoLo C<-ul)I iSoASo b ^yisbj' ii bb J-alf- /eiM" ,yjLJLo<,Jol3 1 ALolf-AJL> la;^^ <i .Jja^i ^5 ^^uj3J ^o <LLo 
ijjiJU jjJ JuoK 1oa>03 AJ0L0 C-oujI jSoASo (_£ILul>K <i bb ij-alf- /_si')" (J ,j ~^ 'lc-^ )b^o Aiolf-JuL> li Ja goiWil'i j_^jb 
A*ob (j^>bi- jJ^oj <-So ji (j^>^ i -^'j^. bij^Xo jjjl ji cs jl j> lS' (Wbilo ^S*l A$LJl> ji— i_9ib^r jl v'-^"' Lsib^" (J^^° ^. 

.Ju^ib ^-o (Jo \\JLo ALoU- JuL> ii^OJ 



Semi dynamic 
Discrete 



^a-^1* (J^aA 



±2^ka JloIo AUib ,_o Ik la^Ka i\J,y iJXuuuo ei> Aiolf- AJL> a ALu>a ; 0(Uaj( ( _^J Si,^\iS\i o Jj ^-09; "^-a-^ Cj Vl> 






-^ 


ILlujI 


Oo Ja Lo 


LS J a s 


cs^y^ J^ 


Iz^ka 


YES 


Semi 


NO 


YES 


YES 


C*£-Lul) ob-oJfc Aj go ilonl 


YES 


YES 


NO 


YES 


YES 


C*£-lm> /jq-Jj gojloi"' 


YES 


YES 


NO 


NO 


NO 


/# 


YES 


YES 


NO 


NO 


YES 


j J <Ci>o 


NO 


NO 


NO 


NO 


NO 


(j*" 5 ^ O^b 


NO 


NO 


NO 


NO 


NO 


, ^^*jj O , jiO ' "X^-iU fojuUAjuuJ 


NO 


Semi 


YES 


YES 


YES 


vj Q|^? t LJl^O r^UUAAAlJ 


NO 


NO 


YES 


NO 


NO 


eLoiil oAJLLS L>oL>- CjL> j 


NO 


NO 


NO 


NO 


NO 


OlSLujVu aM^SAy^S 


YES 


NO 


NO 


NO 


NO 


\j\sbio L>Lj'J b ^u^JiSol oAJL&j,jija / al 



C-uilSo ,Lo^- Oo <b I) /pl)^' <iJbJj 45 /c*^" ls^It 3 LS^i '-'"''■ , ' J- "' ^"tj («*■ <r° ' i/<"^" (p9^ 2"'>^ 4%ba 
(_£a ( o <u Ju£>b j-o |Lolf- £->b' (_^jl^> 0.iLo< Lolf- Ajobjj . r&ia-ii ,P" CjaUi) J-olf- i»uv) a J-abi £-jb' A^ Job .JuLj ,-a 

^J\loJtJO.^S5 ,-a C*sb )j (_£ja;a /1'5-i-E- ^J I) CjISKjI 4>t>o ib' | }5 J-olf- £->b' ASvJbv ij AiS^o C*3b ij (_£ja;a /yfy~£- 
Iju^a (_£ja;a oJuLLj Cobj b A^ iaJ uabzaj' jSLijb o JJjle a >np>l^ /J^^ )'>^' t— i^t**> <-£>■> b Ja;^ol5 i_So C-oujl /jSvo-o 
jj« l yjyiujH |_H^ J- ^ "^bo (_^l>> a ^y^ ,-a L&jSLu^> jl K CjD Kjl a CjIJJsLLo IjJol .<(_^iLoju> /J 1 ^ )y° "*-! -J->^b 
a (_f (Lojtoij^lf- Aj L>bJ (I.JJLj i ,-a L& lS 1X0 4j Ij oJuJj i_JL>ol>l Jbif-I a Oja«j I >>l Ij J-abi <iLobo ly^f^J ' Alj 



JLoU = 4objd + ^jtufcc 



Xj\ li _p a jjjb ^5>j ^.^ "" b (JlcMW Poj dS" jjjb 5a>o J-°^ <^>b^> a^L> ^bo (^^ o^^^ £'y' 

b (_Cv>Jo i_9lIajol q ^SiyliS t (jJi )U vlij jl uo .Ji-kb AjI .JjjLj ,_o ^uSjcLo K JJoyJi ^_o oibXujI i^yS «iiinni 
Lolf. .& (_£'>! i— *jujLLo (5>l >b .JuO ^-o ^a>uIlo K J-o^ i_jL>loI Oq>L> J-olf- 4obo jjb CJi^i- li .Jo ili Cjqbjj' jSoA$o 

. iib iP^LimJ Ia^>OJ Cut^b <3l> 

: JLoU ^glfc 4oUji 

jl (^ijjj u'5^ ^ b c^ 1 * 3 '-i'l^l.jJjb iyLu»^j cJSLJ b ( JS" g-^L t^oJ* 5^5" ^Sb\^> i^y^ *£ J- ^- l?^ <*-obo 

AGENT-BASE-PROGRAM 

Function SKELETON- AGENT 

(Percept) returns action 

Static: 

Memory , the agent memoryof the world 

Memory <— update - memory (memory ,percept) 

Action <— choose - best -action(memory) 

Memory <— update - memory (memory ,percept) 

Return action 

jl O^Ul^l b q JJb S ^a y I \ pl-ASl Oo ib y%& Jjq^i ,_o ,_>lq>KS -V.-^ 1-5 Ki I v& i_j\y JqA^- u /j-^-° c^bb <Lo\jy 
iljjo 45 jjLwloU- (_^l>> (P3; (V.I .Ju5 (_o o v^>5 K CjIS hi! ALJii 4>t>o ib' ^JJqAj C-ou^J AJ0L0 jj*c>1> aib iU>Lul> 

.C-u/jl i_^u>LLo JuJjb PqLio q ^5 .jl Cjl5h.il 
:Cwyj1 Cum^u) dj jO^SXA jjj Jj Vi 4j (Jolt Co-Lj ji J$«A> J-> c?*^ ^J^-3J 

.Cu^b JJolqS- sU..i 35 JuJjb go sU.fi (_£jb 4) jilS buj' 45 (_%] 0.jLl> .Lslf- ^1 o jbj 5jqo ,Jq-)>> 

.JuJjb JqJi^- C*>Iul> 4j iilS Hyi 3 b' C-oul)I pj V ^J Vqi? )b-^ (jb°j 

»J I q 5 vp ^-o Cj ;q^> (^3)5 Mol5 'J-oX- Aj yl^> <iLy*)l>03 I oj Cox)l j_^ ill>05iq> Ajqj t& jjlj JqA^- o (-i^-o J-olf- 

.i iq> A&lq> C^u-3vUJ J-ob^ <AI5 u^' /c-^ri i/i |_H^ yf" cS' ^95 4 la;^* lajl v^i A>L>b> 

jVj jl ptL>o^> iljJLo {^JypSL i^Jiy 5q^i Jj-^b" (_^ iti>03iq> jl (_^l A> li b' iq^i oib ^JySsb iy*$) 'J- ^- ^ >5 ' (s-^ - 

„5qj Jsjb|q> jLj C*jL^> j_> /jLoj 4> ,J3-^ - (_gbojK?n» Oool 

JqA> iAJib JuL5" ^yj CJbji 45" (jjlS'ljil J5" iljjj ,^00 J^lfr ya£- JqL T q t j5'lo-o CilS'ljil iS-y*5y> p ^?l:4*^j 

a T T 

.(iq^o [s-o4 ^>l^> J^o^S (jjl jj^j^jb- J^U- i_$\y) .Cuib JJblq> oib p iljjo A>y 



Table-driven 



(jcq-^w J*<y% 



vv 



.C-u/l>I oJuol oj <i JqA^- o (j^-o J- ^- d-ou>> Jl ^JOaJ Oo .JuO ^^o (_£jl"> O^Lo 

Table - Driven - Agent 

Function TABLE - DRIVEN - AGENT (percept) return action 

Static : 

Percepts , a sequence , initially empty 

Table , a table , indexed by percept sequences , initially fully specified 

Append percept to the end of percepts 

Action <— lookup (percepts,table) 

Return action 

.C-u*>l oJuJj oib /jl^> y\ Jjui ti (3 ua;l> il-olf- (_£i>! A^^-* 9. ic**** J- ^ ^*u>£ 








Percept sequence 


Action 


[A,Clean] 


Right 


[A, Dirty] 


Suck 


[B, Clean] 


Left 


[B, Dirty] 


Suck 


[A, Clean],[A, Clean] 


Right 


[A, Clean],[A, Dirty] 


Suck 



oiL> (-1^0 I3 (_£Uxlolf- 
diLLui> i_9A> tbli- 4j .Ju^)L> j_o <<U u C-oujI <iJL>j (_jl )b /jl^-o /jl ul <J ^-^ 1 .' 9 ia^>^ ,J«5 .px^ ,yjluL>l y U-o .jl rt,.'.Q'^>' 



Simple reflex agent 



Model-based 



u 



n 



Goal-based 



Utility-based 



n 



rr 



Ai^«ia& (_£uo J- ^ : PQ^ iU^S 



L> <JuxoliLo <i ^3yq\V> ( LoLc- <!loU o li J^ i*)'$**i •£■"«>' ^^V l™-"-! <jl Js^"? - 4 A**»jULo li J- ^ ^up i-5h.il 

T - 

.jjS" i_a3aj' aliol <ij p\j>- (ci^l^- (j^oU^I : Lr >L^S'l 

.JJ ib (_^ioJi>^o ;L*xiJ (_£AiA-iiaJo a JoiD ,Ja JuLLu^fo OiluJ <U JJib K ^1>U»*> ,L>l3 /p"l>a Oi ^"^ (j*ujjl« (_£UXJlol£. 
a5s-L>I jhJO AjI a iiySj piain'i C-oul) li JJlaX) ,Ji*3 oh.il .yjlujl o 45 AlS ^-o <15 J>' <a^o <i U-o 0iLjL> j-^JLj Iq J-olf- 
iLou^j CjJ^5\J1* JJlaS' j_o JuJjb dLJib ^5>9 iS )i^i l ~*i9J P*^ ls^ ilAiLo <3l> »5 I ,^> .Juib y>Ju l ~*>,$) >wu liL?^ 
jj (_£ui 4&1> JuLLj ,_o <15 wAj C-cuqi "^-o^ (_£"& Lij^Lo <i 45 0iLjL> ^-^Jj la (_£ui J-obi 5 ia^ li .JuLj J9>! l£-^t" 
/jliLol Col^> ^j ^la, 4al> jl jjj5* JuLS" .ySil^iJ' \j jiio'UljJl Jjl^o J^U- ^5*1 .XIujJh ±j\^>\ J->ls ^f- i_Jii.| Col^j 

.at 4> <U ijlAlu 45w> <C-uu>h a t_*> AjU i-jUxXJl i^JijJ <JuLS l_5 hil h U«°' t^y.9) ^ J" ^ P* J^° (_£'>! •£■"*> I >jJj 

Oo jl C<-ul)I a5\ao aSjj jjSil^iS' O^Lul) jj-^JLj la .Lalf- lXj AjI >>Lj -A^) JJola> vSoi ^-Jv* Aj <ii>^o ai <i Ja^iaXo 

jjikilo /)lAJL> CpS \>S- ^Sy^dj i^X/hs- i-So (_^"i ia^ja jS /jjloL) .AO J-o^- jl^> LS uaB O^Lj (c^5 la AAs. 

.Cmjj] oJuol oj ,15^ li /jl iLC>LjJ a 0iLuL> jj-^JLj la ( LoLc- ^Loljo .C-oujl Ajjljlf- AJloU- JuL> j_^Ub ii^c^ <i Jo C *^^J 

Function SIMPLE - REFLEX - AGENT (percept) returns action 

Static : Rules a set of condition - action - rules 

State <- INTERPRET - INPUT (percept) 

Rule <- RULE - MATCH (state,rules) 

Action <- RULE - ACTION [rule] 

return action 



JLoU 





k> yjj 




V 




J 




:^yi^^> J^>lt ^l^jJbiLj LS ^JLS'lq J^U- jl (Jli-o 



Condition-action Rule 



rr 



^.^^ J*<p, 



Xf 





B 



Function REFELEX- VACUUM-AGENT ([location, state]) 
Return an action 

If status == Dirty then return Suck 

Else if location == A then return Right 

Else if location == B then return Left 
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function REFLEX_AGENT_WITH_STATE 

(percept) returns action 
static : 

State, a description of the current world state 
Rules, a a set of conditionaction rules 
state <- UPDATE-STATE (state, percept) 
rule ^RULE-MATCH (state, rules) 
action <- RULE-ACTION [rule] 
state <- UPDATE-STATE (state, action) 
return action 
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.C-ouj il>o 4> /jAjoul) i :i_9A& ^p <Uy>jJ 

I<ULu^o /j^>S <wq>3^3 

(y^i^o |V J<Uj L&rt>S 4j 4>qj' L> a>CJj^>) .C-ouJ il>o <,yj ilSlj (a^ouj <ilil <li-o L& j^Ji jl (_^l<iJLji ia^C*** > 
.AlS"^ oilflL^I lAiO^ !»l>ul I; LS io^ <*> AS^I Lfl^) l^j| jl J^>U- AS" CuJ CjUMLI jl <j\AS-iy*2y> IdiiUvuO *JUjJU 

liq-wi^-o <_&> jju oj ijlq^ b AJlLu^-o l_So 

n(Arad) ilji ^^> ^Uqj Jk° j^ "^^ t3r^ o 1 j' J°^ ^ J^ :A ^j' '-^ 
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S (Arad) = {zerind - Sibiu - Timisoara} 

.Xujj l^jl Aj jl^u* iljl jl £3^ 
.(jj^ol^- *jb' + 4J5I cJl> =cJl> (_gLAa :<&>J 

Jlio ji '•^..y^ <-9A& :*jjb i_9A& py <£.y*>- L> CoujI i_9A& cJl> LJ ^'l> cJl> U aS - ajlS",_o (jijoJ :t5JA <j*ojl 

.CjLo q iv^y CJl> 4; /jA^ 1 go sloil'i Julo <i :(^Looz>l .jf-ljUl i_9A& 

Arad, Sibiu, ^U^ Jte* j^ •■^ t y> J*^> r^ ^ b ^^^ jl (jIaJLj^ ^ U>cJl> jl <jWLj,i :_>***** 

.c-oujl yfj^o oy ragaras 

.^oqJuS 

.ijb lj 41> l& Aj jloS 4JL^> A>0'j .Co*)l i_9A& CJl> 4; 4J9I CJl> jl <_£ v^o '. 4JUam« (J> oK 

jl i^JyjJ *->o (-> L°9 ) J'*- )^ AJqoJ ij'S"'*' ^4 .i ib PL) plj^>l u •^i.y'P i<-&^>$> Oo jl CjLoj> i_9A> Juol j3 !4a5sJ 
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G oa 1 State Sta r t Sta te 
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o>u*h> |Oj jL> jl Aii+ujo A> : P$*J A^&S 



C3J% ^aj jS djjl cJl> (jlaiE- 4> (j'$^> lj (s*^*- )& • < ^rS' k -»«J^ 

(VjLi L> VL) <CuJj <t_*> 4) JLi- ij[> Jli&l 'J-o^ jl^> jl ^Jua ijh^i\> './jmmJV* £>V 

dj [> oib p\) (a^jaj J^" J^M AjloA^o oAj^- ^ii>y 4> ilAfrl dS" /r^b- AS" AlS"^ ij^>jjJ '.i-SJJb /)3*J' 

.AiSo <Uua> t^J vSoi 4> (_Cy>.ja S^ AS (_£a>o A) C-uu>l go Ja^i A>uLz> <_£ai o Jq A /jib il v3 AJlL^o /jjl ii i_9A& 

:i ili ^5^-3 (_£jlu><*Ja^ >3 Po> ai AJlLu^ /jj| (_^l>> 

.ia-Jij-o 43L^>I <3l>uLz> <Jl> v>.ja lXj ,)-«•£■ v& O a oJuJj f-a yZ> ,Jl> 4>uL^> L> <u : ,-i£olj3l <_£jli*> Ajay^vS 
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.A&JJ ijl? I; jl (J^ijj gJb 4S" <_J;qk> iAfiO^ jUS JlS- Jq^) (V>^'i_*> C«m*> ji Ij (J^Jj Cjj^AwjU- £JV 

.Aao^-o ^^JblS" V-fiY<b V-:;:-V A ^f j\ \j cJL> <jLa3 (jAl) Jy>^3 <\>J 
cJl> <_fLiS j3 J>ol; Ji^S" IXlJ q JjL.^ jjl&lS" Y«AV <b V-:ic-\ ♦ A \f j\ cJL> (jLaS <J*15" cJl> ,jjLj tlyajS ji 

Ajq^o >S /pqj )i q CJl> 1 ♦ 1 ♦ ♦ i^itJJjS] ii o Jq 1 ♦ ♦ dxL^o /j$S i}y*3 (_£'>! • t -- u * , ' i_c*"i'>^' J' > > ' t —* i> 'b J"°^ 

Ajqj' d5 jJUbiqJ 4£-q«J>io.Juiu,_o CL> V l>jl JjA> 4£-qoJ>03 Oo AJqJ' q Cjl> LXl (_£kj AjoLo xju ^JyS\\Sj jIm 4j 
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b (_£ iU>L*> J-oL^ iy lxi iyli ^-o (j^>3 bb (p9) (3d' J' is^. J^ ^J ^5^3 "^iy i>^i^ (_£'>! ,j&J£>to ^L&^iq < 

.(cJl> (_jLii3 ji iy cJl>) CuJ ^Lij ^y> iy L; ^tUio aS - cJl> (_jLii3 ji ls^^~ "State 
.c*J sijS" ibol lj i^j (jjj a5" 5>.Luu> c*>;^ jl (_ji^j Parent state 

.Cu*>l oJui aid jl5 <Jj iy AjI AJaJ' (_£l>; jA; iy (_£3j «u .-b-*- :ActlOIl 

.iyi(j* sib (J^jUj g (n) b <d" ay ^jj! b £ 5 ^i cJL> jl j^w> ajj^a Path cost 
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,p9 ) Oi>^J "^^ i_S"° S J '-' C ^'I tnnge 4£-3<&>lo jl ^jjlUuS ^J\ y \\ 33J lXi Ai>yo jA ji 45 C-u*>I /j*^' 3^*'-"-'-'-'-> 
: jlAJo iLt JaJ i;4-o i—fbuCi (_^9 ) CjLLa£- .Jmib ,_o i_!U£> Oo jl Sili&ujl a>C^uJ> *jb' <_£jbjL> silo <_£l>> 

. jj5" ^ jJy t_fl^3 i_So <sjui sib ^^Ut b y^us. jl oiUzJ b Make-queue (element) 
. jjb^f (j* ^> true jIjJLo a^Lj JL^> ji (jy^s. gj» <& J>)<y*> ji Empty ? (queue) 

. jjbj? ls° y.\} <-^> r^^ 0^3' Pirst (queue) 

. x£ ^ tJi> i_a^> jl lj jl 3 jjb^f ^ ^ lj i_a^. ^^jLt ^3! : Remove-first (queue) 

. jjb^f ^ y I; J^l> Li^ 3 jj5" (y. <_o^> ijl 5 lj j-^lc (_SL> Jnsert (element,queue ) 

^ y lj <csb j^' ei^ (jx^o a^" ^ i_Li. ijl 5 lj y^tc jl <^3^>w i-So Jnsert-all (element,queue) 
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-~ X Y 
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. A*oL; UJ CoL^J <, Jj|y ^0 45" cJL> (_gLa3 j^c- ^31a> : ni 



-Ui^j 




r ^^~ i:; ^L — iv^*"- 51 -*tf*s 



\ 



./ 






Solution 



Failure ' 



a 

Completeness 
Optimally 



Time complexity 
Space complexity 
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b jjjb (jj'ltMLI i_9A& cJl> <b ^jjbv cJL> jl ^u« <^>j£> Ij ij^'y ^l-^*-*' jl U <*5ujI ^li> jl a>u^> (_jL& ^^j'l^wl 

*^ ^ ♦ 

dS" jjjb jLx>l ji i_9A& <u (jA^j <j\^> L JLo\ CjI^MLI <di^> CjI&MLI y o^Mt U ^j^SJI jl Aiu>i ,\j1 

,VxIl>l> Juolaj' j-o la&S q JJ iljj ;L^>I O <ULu^o i_flJou jl i^£- ,J>'l£-Mk>l gtJfc <a>cl*x»> (_£u& «,!> iqSJl jl ALulO AjI 
<CCflj j;J d.jKaj ia5 (_^L&a>cLu^ jl dj <u Al&i ^yitptsZj i_9JJfc j^£- jl K i_9JJfc a -^yy M Lsd 

:jl AJo'jLt 4>La>l?l b ^bb^ci^ ^lyl 

r • 
oJo^Ji yy^ J i/* 1, lSs-*^^-? 



Informed search 

heurestic 

Uninformed search 

blind Sf 
Breadth-First-Search 



Uniform-Cost-Search 



Depth-First-search 

**, 
Limited-Depth-Search 

Iteration-Depth-Search 



(_£uo JjoLo jjl jl Jjo q "^k^. ) ^y (_£"* JjoLo 4oJb ijuj^ui 4I3b .ji y^uS <^>->) 5y \Xi>\ <(DIS Igrlon' Jql ^Jy>duJ> ii 
i^jjlUuS <_£Jjo pn..i <_£bo JqJ jl .Us a>CUuJ> C*>ii jl grWui lXi ^L&iaj ^JO jy^J • J->b ,_o ^JojlUuS ... a /y 

■ ^k is* 
.zyi> ^ ^^ J 5 I £tk"> (jq^i^s. (jl^>l <k ^xjl* Tree- search (problem^IFOqueue)^!^!^ 




^J^ ^^^ :T-r JCi 

jl Aj J (3-o^ rtp <_?"* Jqj t ~r*t'y Oi.M • ^*^ (_r° J'^ <-**« (_£uX^>l jJ Ij A>A> "Jui AJqJ' (_£uo JjoU < rlrO i-iLo 
.JoULo D l_)bu£ol \y5\3 a Q ,-JoULo ^j£ )i <_9JJo 5y iV.^ 1 ' l^ ^" 1*^ .P " ^*i- Lf° cJ^ < y^uS y ^y^aS- (_£Uo Jqj 
( LolS (pq ) (Vj IaJ . JuLS ^-o IJuj Q jl y ly ^ ftp < _5'Ltt> Jqj <Wib ^Ci y+uS jl Ax> h i_9JJb Lal> O-TiJ (_£q>LLuA> Juib 
>J I .Ilia ^jlq-LC- 4> .JuiL) ,_o j;J "^^J rt^> laSjl AjI Juib Jqj (j-^ jl t -*JuL&vlj yS- XjXi i_X> y^j> <^>.j-k £jb" >3 I C*u»l 
LolS Jq>q b rt^o iqSJl AjI C-om>l >5 Jo p\i • AI5n_^o Ij^o It <_9JJo y>CUu> /y\ AJLJib Al^ib ,\Lu5o <*-o J-& JloX-l d^Jo 

. J ib ,_> Vb ;b-u^> /pbjj q .JlXo ^J) XipK^j^ ic-^V. • t -'""^' <y& AjiufiJl) <J^y 




7 \ '„ 

(_£uo iqj (_£l>> A> Oo b C-u*>l <U^il> iS-ya^ys jl jj2o-u*3 Jqj sJo I o j JjLoJ AJaSuv iJ Jjb Jq^li ^-o AjqJ' AS t^J^y sJb 
iJ I) grWu'—Mql (_£q>UA^> n^o jqSJl j_^bi <J> >>.y £**>! (Jbj ^S Xipr^j AJ0L0 j^ ^_>LSs^o ^JlJ^j AjIoUj C-oujl O o 

:J i5 <UoM> /jlqj' (-o WJ J )lq* 
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a>CUuJ> (3i>t5 jl dJuLu^o A> : |OOa*> iJ-^i3 
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0(b d+1 ) : Lis ^ 

/jjLoj ip^iP*-£ Jl >J P^y°. rifl grV*>>«» — 1I9' i^S^fi-^-^ ^^>- cS^^.^ J '}~ f Ji) iJ9*^" J^ ^5-?'5^ dlcjdlol <t> «^l>-qj b 

. AyA5 JJMa> Job jLo V& a>u^»> <>jj JjJ^- CjLjJijS |ii> OOol Juib 41^b j\j3 ^Y .mX- ji J> a\j S] i-jlio 
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rt>^j joSvJI AjI C-u*>I <AJL^(V> ^y^uua <AJL> j& xjb' j& b C*>lai5o A^jA b o>£Uh> rt>L> laSUl . A&i ,_o l ^jyJ^S K iaj 

b iy jjlaofn iaj <i> f'Qy*' ^-Jbv jl /jA^i ^.j^ §\^/) ^j'^ b § il^'J^ ^ ^^ ls° V^^' 'j lS^V 5^ r -"-'- 1 -'-'^ 

iA*£> 'Aij jA b /jl i^ Jaf Oo iob>ul <i5 JAi ^Ciy^uS 1 1 (_>J^y ip9) iVj _pl • ^5^ /j- ij"**™ grlo4i> Jql ^a>CU^> 

.xS ^ji yS ^ykbxob <ial> i_So ji NoOp J^f- J^jU i^i cJl> /jUa 4> c^iSjj <jj ^xio 



u^-5-^" lP^ 
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D: [5(D)] 

1: [A|1) r B(5>, C<15)] 
2:[B{S), 0(11}, C(15>] 
3: [0(10), G(11), C(1S)] 
4: [G(11). C{15)] 
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11 10 



cJL> jV Jjj ji jJib 4U&b <toj£> b £ jjil A> J-o-t yfc a A*ob i_9AA> b' jli-l o^f jl <»l>j£> ij^-' J ^' (J^>^ 

(C*/e) 

. Juib .^o U(D ),J Uja. (Jl>^o (jS'J^ilu 

rt>l> laSJI a i S A&la>L> IJu-i ^iL&lS /jl <tobl b j.y.»,i.^ lXi ^.j^ Jmib Al^ib ,j£^-o vjf- <^>.j-k >50loX- >& i51 I <w\j 
L& Op |OloJ jl ^q>CUuJ> Jjb AUib Al^ib ,j£^-o <^>.>k bi ,Lo^- jl ^.Ati v5l . XS Ijuj K yu"**° A) J "^.j^ ftp Ajlaloo 

. iayii IJlo AJL^j il> fil; b' i vp Cj ;a*£> 

I) q>£+uJ> C*>p (AISLJ i^JjIUuS t_j\&> aSjA^>\> AS-oa>lo li Ojj ^jj vj liooX- iAjjys jjb li q>CLuJ>- /pa; /Vj 
i^jslUuS jalA <u (_^^ay |V>J' /Si^'' t -*«- uJ •*-! a^r.T.'.i.i.'v Juib Al^iljJ (_£jjj>3 Jay ;V >>' /J^-o^ P* • -^^ ,5-° ij^y-^ 

.iayJ) (_£j"*> o^lo LlrU i_o*£> Oo b IfCC SCflrCJl n^o laSJl la^ay JJlay ,_o a>u*^> AjI- JJjj Ls"y. "^W^ 

oiLu jjUIj jb *jb' lXi b <,a-oX- <J3' LS^y-^-^ ^5«jto < IfCC SC&rCfl i3i>^ j' c£J"-° °^W. j' oiliuu>l u oaMfr 

• *?*> cr° cfj^ 
oK«J& dj I) O o Oo u A*£o) jl v^-° l -So <*ii>a jA ii (p9J Oi •^J'^ j~ /f»J Alisbv dj ^aS- Jal i^a>CU^> 
doJb '"^J /V^ 1 - ^i «C9y iJjjUiS iaJ Oo . i ib ^-o 4X> Alisbv >,i l> v^-° O ia>oo iay v& ilj«Jb j_^biiaJ 

. ia>i (-o fJ^- Aiisbv jl JJAaj ,yiijj MalS jjiJD ilaJ 

diisbv iaJ bm+1 ojljjl <Jj laftS (io^- Jjl ^a^clu^ 111 ^ajj^\xi /LaS. j D L.jb^.;Lil )$£\$ L> cJl> (_gLaS yt, <_£\jj 

YY ~~ ^ 

AiS ,_o oibiLuL>l {_£JLo5 Alisbv AS iayi ^-o oJ^b i iSLit ^jq>CLuJ> < (3*^- J9I cSi'?-^-?' j' r^i^ £~¥ ■ ^J'^ j . 
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a>CUuJ> (3i>t5 jl dJuLu^o A> : |OOa*> .UziS 



. AJib ,_o O(m) diisb- ^JuJjoj cJbv /jj| ji -^Li ,yy^S \^*i 4i^ (y^'-^jj^ p«" *" ^jW^ (_s-° J»l> «*J 

<CjL*£> jS AjI b <a>cLu*> (pj \ j\j) IaJ .iaAj ,-«J pLoJ jj >& /j-o-^- — .J9I i_Ja>CUuJ> SjjLj iJ> o\\ g^& J- "-^ 9 >A**>b 
iS \p^J % ic^!. .i>J JJblo> Ajaj' Ij aJ>cLuu> C*>ii (_^L&iaJ <W& |jAf- Jql (_£ o>lUuJ> Cjbv Aj JJj li . C-u^J J-olS 
jl j-JLLo. Juiib ^o /jbb ^ 4&1> |M^- — J3' cSS^^-^-^" ^->^"^^° 51 >Soi /c^V. • -^b ,_o (J(D j /il /pLoj 

.C—uliI oJuJj Oib /jbij oj AS^J \5 .jaE- - Jal j_^a>oLuA> 
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djaX> iZ^uj\\ Aj t_ 



> jl Ik ay (j-^ '-W.9J l ~r*t'y (*i*^ £L9y^ l_)* ,, J 3 J (J" "*" — <J3 L^J"?"""^ ^ii '-^U^ ji »3l 

( Jja^i ,_o i_jbxUl LftJI i_9q>> i—^Jo' |VjbjL>l o Ojj Oo /j'-^j >5 J>^J l) )^ )" ^5^ A&laS- 
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Back-tracking search 
Depth Limited Search 
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JluJU L> = C1 vj I .C^ua;J J-oIj q>cLu*> ,p9 \ (Vj Jmiu L<CQ (c-^V. ^Kr> rj^ LJ^Ji lij" ^ J ^*i '-^•^ b OiV' l^ ^" 
vj^ulj .JlXo jjj JixSto 3 (J(D J is'V'} {J'^iPZiJ. -^ ""^> ^i&t /jboXoJfc Lol C-u*>l J-olS oJui iqA>oo .j&o^" ^Ja>^i^> 
f^yaS- CjISoI ,-kl5 .Jmib ,_o !_,= oo L) oJmi iqJi>to -JLoX. ^Jo>£Uh> jl j^-alS- Pqj (Jj- ^ <J3' C^"?-""-?"" 1 ^ uuJ 4 /5- 
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iLoto<L& rt,l) ioSJI /jjI ij loj JuL.u.&> hlSU JJ3/3 >uuulO O 4jbil5lb j_^Ubo>LLu*> n^j Aj> ^ JjJ J-"^ ij 45 latajLoJb 
(_£u& jvJ laSUl.Jj o ,~o-> °>^! 4JlLu^ iIxS-Lul) jl a Jib iJ^LmJ /jl grlont O)lo-ui 4j b-o ^j»Lu^5 (_£l>> i_$-^> by i_jL>ojI 

45 4>6l b (_f pJj JL^JaJ' C*Jlj13 /c^V. j-^j /c* tyy^ oJuii i-Bjyj (t^lo jl (P3) i -Sy. •*-; lj 5-?^ u ^ £*>)j <4jI&Ij lb 
rtf^ibi (-0 /jbjLi J-" 2 ^ iji' (i.JJilJJ lj Juib t_J5> Ajloj' ^-o 45 iJj i> 3^ 9 J^l oj»5 '—*^'dj^ 3-?-"""-?' J£ JU, ° J J U$*^ 

.AJL5 IjLU lj bu> olj iy-^> icVyS « JJIaJ (-a 4JUbl5 I (_£3>£u^> rt^ojaStll i_So 4ja5v> 45 

: 4*LbUT (clb a^> 

r**iJ5^' J' cr^ 5 Oi>^ _ Js' l??? 1 ^-*"^ •■ i 5^' cr° o-V>b ^j^j- J3I ( _j3>cw5- i^.^ is° y y^° <y y. •& tS 1 "5tA 

gb i_So (jjLyjl ^ J^y^S tj\y, Uoy s-^>>' u^ ^ ^ C ^' Graph_search 3 Tree_search <_jU 

(_£l o . ia^i ,_o i_jL>loI jiilmJ (_^'>! J )b I) (_c!V.j)' j'-iilo /yijliaS 45 (_£jy 4i>^o j& <j ^uo.Juib ,_o 1(11) i_r! -Jj 

4$" C05J3I JL^> jl Job Graph_search 5 Tree_search ^^ (_jU ^j^l Jjj^ jl $>^> &\ <_?jb^ ojL> 

C*Jl> Oo Aj ;>*&* J3I rt^J j^SJl .03^) Ojlfil^l jLi.im.ft> 4-*J' v° (_^J3JOuO UuJJ 4> l(,nj *jb' JjJLo ^jLul>I o L&J3J .jl ij 

J3I (_^3>i*^> jb (jLU (jlqj j^.jjjb c^lai' ^ u t _ r >L>J j )l £>\y jj (jj^^) J3I ^Lfc pi>jj$3\ <_£ colyb- 3 j^b ^^15 
o>..y\>. ~Js' <_?5 : * :; "- u ^ j' c_f^ ^^ f( n ) = g( n ) ^. u^^ <J "^ii* <_?5 : ? :;: ^^3 f(n)=Depth(n) b ^U^ 

^jb'.J3^i j-o ojb ji^oUJ ll(n)b 45 Jmib ^-o ^jSUi^Sl L> t->^S+uj\&jJi> ^jb' L& rt^o )3jJl AjI ij (_^JiJ5 «j>. JlIIujA 
C-oj3A>lo b-Li'.J3Ai j_o 49biil q>CLuJ>- rt^Li )aSj| 4> 4Ju^^o J 13/3 ij ^^Sbiil (>il>b /jl ij 45 C-i^ol ir^j^ /o J gol 1 n(llj 

.juib ^ h(n)=0 el&l Juib ciAA 0/ n ^1 45" c^l ^1 h(n) ^b 

h(n)=i_9Ai. o^ b' n a£ jl ^y^x^^u •&->.)& 

function Best-First-Search(7^rofoZe/7i,Eval-FN) 

returns solution sequence 
nodes := ]VIak:e-Queue(]VIak:e-Node(Initial-State(/?roZ>/e/w)) 

loop do 

if nodes is empty then return failure 

node : — Remove-Front( nodes ) 
if Goal-Testlproblem] applied to State(«oefe) succeeds 

then return node 
new-nodes : = Ex.pand( node, OperarorsfproblemJ, 

Evai-FN;;; 

nodes /= Insert-by -Cost (new-nodes,Eval-FT<i( new-node)) 
end 
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ojli&J Graph_search jl aS" A*.c«J <u^ 5 J^lS" A* juib 4iib I; pjV k>l^> i-SLi^j^ ^b ^f1:4Z& 
<u xS ^ oiUiJ Tree_search jl <6 A* 5 juib c*>l^5L. L. jlf jL> h(n)4S' c^>l <u^> (J^^ 4> jj5" ^ 

.juib J^J JjIs h(n) 45" CcJ <J1^ iJoyZ 

Cj iLf- dj.jjjj /vm^xj t_s*^'9 ^-?.y b }' y^ti b '-^■^ ^4 il)"% u 'J ^*i>^ P )^ £**>\ Jft^S <_H^ i_^i^-^.J^ b £1" 

aLuIj jjI ji aS" h(n)<=h*(n) rj^b «&£b no/yii ,_jl^ ^1 c«J J^J JjIs h(n) jloU i_SLj^;^ i_So<^j 

CcJ II 4; JJluu>; ^JtSlj AJojA g(n) a5" <jjbol jl.JuSb ^ II o^ jl iJjJb <Ju J.W; <_fl^ Lf )SAj 4JL>j£> h*(n) 

Jj^lo jl J> olj ^Ij <*-oja jl ^Arf j?y& f(n) ^^ i^j jj»J$> J^i JjIs jJ f(n) ol&l Juib J^J JjIs h(n)^?l 

f(n)=h(n)+g(n) ->> 

h(n)<=h*(n) f(n)< =f*(n) 

f*(n)=h*(n)+g*(n) ?~ 
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u^-5-^" lP^ 



.£-»1 *jLj ^jij*- j* s-ilj ^ jr*** 



TREE -SEARCH jl *jU^I I A 4 uiil, Jjj J.'i ^/i) /l 



jl a Jox. jl oiUiu>l b n' ( 4Lolj jjI ; j aS" juib ^ly^ h(n)<C(n,a,n')+h(n') a1cuI ; /I e*J ; lf jL> h(n) ^b 
c*^l Ljiii^ (_£qL^ob jl ic^yS ^qU^ob ajI < a&j ,_o /jLu K a J-*^ ^*i>* L(n,a,n j a c-u*^l ojui J-Jai' n cJl> 

.Juib v>o 5 xJuzj qj Pja>u (_£qLu^ b jl5v>aj Job C-dio £Lo y& 45 

(Consistency) t5)t5)bu j<©J oLul 



hurt 




cmonotoniciTy * wri ' _£. '■ . jc t ^ w _^ C -* ^-^ y. j y, ^ J^) * ^ • 

. ^_ i *_*. C-RAP H - 3 E ARC H y . aUs-' L A * . jj.\ jf j ._- Ji( Jj) yf ' : ,_-ii ■ 

j_^Jj A> oy yo 45 Cj iq^ jjJb.M J '5-^V. b' jooJ ^M^ol (_£q>o 4j li /jl /jlaJ ^-o Jmibj IqlSo lS^LjjJ >)&>£> £->b' >5 1 
iJo I 4JL> j& Juib jliaS S \:Aj b Com>l jlaS ^Jo iJj I <Uj L& jl oy /jjl I <Uj j& 45 ja^i J v^J Job ja^i ^-o J-JaJ' 45 

4J5U0 ^j| jj 45" 5^0 ^ oj^b pathmax 4J5U0 <<_jjL> 4J5U0 ^1. jlL^j ^ jjjy (_fl> 4o 

.juiL ^ n jjjy n' <f(n')=max{f(n),g(n')+h(n')} 



?\ 



4jl&lf 1 lJL^S"! 5 a>J^> : |»;l^>- J'^> q 



:a\So) Juib JaJ JjIs h(n) a AwL> 4i^> J> ol; _>^o «UjJa c*^I :<£& 

.aao ^ <J>y~S I; f(n)<c* b U> o^f ^Uj A* 

.Afio ^ ^yf^S \j f(n)=c* L> U o^f jl cr >ii J o A* 

.Afio ^ <J>f~S \j f(n)>c* b <j\ a£ gtjb A* 

,j\y.iy< JJbla> IJulJ Ij y 4L>j& ^ <_9AA> ^^JLjo S$i JJbla> dJL^j A* olSol Juib JaJ JjIs h(n) ^jb' £\ '.<£& 

'•S^S 4>ay oj .Jlto 4j i—Jiio jVl Op 





h<h' 



h£h' 



I (j^Lij iaA>wb (jU. o^ 45" i^A&l^xJ J^lS" J>)<y& )?> A* .ijb u^-^ ^iL^I £>b y& <j\y A* Ul 

: 45 C-oul>I AjI Jmib 4U)b ia>a (_£iaA>^o b (_^L& o»j C-u*>l a5^o_o 45 (c^') lfc*J.Juib 4LJib ia>a I(nJ<C 

.Juib 4Uib ia>a iaJ^osb i_jUwI iaX5l3 b (_^l a y 

.Juib 4Liib ^5>9 >£"*■" J5^' P iaA>Lob (_£ >J L^^bj iljjo lol ^JbULo y^o <_£ "^.j^ b ^y^uua 

j-oJ A.»ir?" (_^)5oi (VJ joSUl gtJb /c^V. i— "»*Kl5 ,-5CL^> yiij jl ^jSLi^SI *jb' >A b A "**^V; c?"b n^o jaSJl ,jLo <i 

I; f(n)<C* b LftOaJ ploJ 45" (j^jjaSJI yb 45" CoJ £j| cJlfr.AAO ,J»y»S A* 4j ClouJ o^ fjy*£ iljuo 45" Jj5" 

iSSjSx^j^ yaj jl a 41a^> a ( Lol5 A a>CUuJ> 4>ol Jm^b ,_o 4JL^ !)> oh /jib C-uxO jl Ja> ^o yjs li JJbi jp jlUuS 

.C*ax)I !}> oK ijai? jl /jjl-oj ^jb' lXi i_3Jl& ia^>" P ^5^5-° (^b^^y ilJuo Lol C-ux)l iL5 

I h(n)-h*(n) I <=0(log(h*(n))) :j1a^Ix L&iy ilj^j j^ ^.Uj yh Lp 

4li3b>- ji lj oJui -J>Ja-> (_^L&iaJ |oloj' <|vJja>JI AjI 45LuL>ol jl C*-u^J /jl (jjloJ /jboj A (_J oA<s£- JLxwl L^o 
CJL> (_gl.^>^ b JjL^o tj\y A ^JJi (j^o-^ *i -^y A&la> ^3y£ua \j (_fibj jly^J <$la3\> AjI^jLL; JuL5Lo ^jIa^So 
CJL> j_^Lii3 | }5^J1>3 o .jSCL*^ a /-JmIj (j^b C-ux)ijl /ja-Jj 4S i »5 rt,^la>- ijSyui (jjbk rt^o laSJI .i iljj j-)! il5 lS \'y 

.SMA*,IDA*,RBFS :i > x^ 4Ji iSyy 



A* Ot^D^XQ 

J*lT (jjJkaw. wUiJl jj^li I ) JL*^ jJi 1 ^* ^'a j!^ j-s A 1 * 1 .JLtl 
.JLt'u ■_! "- U j ^JL* f'^J *->yi &u) -Uj-t *i «i*-<»1 

. JutL jiib J_p-j jjjt>^U i^'jl^jI jj^li 'u ^j 1 tji - 

_/i - _■■ I r -^ " -^ ^"^ L ' -^ 

I Hn) - &{n)\ < O (log &(n)) 

.JLiL 

J*j ^ jij^ U W < i* L; U */ f L; A+ - 

J" ^ J^ 'J X*) = J* L l* ./ jl ^ A® - 

SjLiL ^ (optimally efficient) j^. ; .^T^is" ^ijb A* • 

u 9 Jul JSuj (_^l dob 1 ^9' CJl> < 9l ji>l O /jLu*5o "^.j^ u 5^-3 i^-"*^> O L& laUlS . JJl 'S ya]\S>Cji \Jt>\yj\S 

.Jja^loo |15^IJ jjAj <^^! y^° <-9l Jol O3 JJa^Ii ,_o oJl^O l_9JJb CJI> C<axO <ij jj^-laijliLSi .-SljllS I A>l3-i 

:(IDA*) ^Jtfbo ^ 4a5l> b ^itiifl v53> 3 C«*m> 

jl^So (Jlo^ b IDA cjjUj' .ijb ^b IDA < A ^^ /yUx- ^ ojJ^i> jl^o <_j ojjl JUtl jl J^>1> ^i>j^i\ . 
. Ai>L> ^ jj^LuJ* < CoujI ;I^5o /jl i- limit jl yxS L^>l f aS" (P.L& 0^? ;'>^' >^ j^ •^«"*l tlu ^ij f jIa^> >»l w limit 
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contours 
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4>LfoLf 1 lJL^S"! q a>Ciu^>- I |Ojl^> J->^5 



AjI ij < *-^LJ ifJt^" (_£bo °>J I ilAio /\>jLoS £j\y& /\>\ yS- ij< C-uxil pLoJ <LS 45 Jui lA^ i_9A& y&> <V' ) J j5 1 

•utal IajI^So jjI .jj^? ^ 1^1 f-limit aja> jIajLo L> ^j^stll o;bqj ^ s^ cr° f-limit jlAio j>j5bl> < ^I^So 

jl^So ^j i_9Aft> jqj .jq^o i_jL>ojI ipy^S i_$\y. j^> <-9Aft> jqj dS" A*ob (_jl <Suq? 4; f-limit ^IaJLo AS" (jLoj b' A>b (-o 

.i^5 ^ Ijuj f-limit=c* b 

diisbv jj Cu*>l f-liimt jl jlcS l^il f 45" ^.Lft" 0^ bliS <*i>^ y*> jj q Cu*>l 4JL^> 5 J-olS" (V^j^Stll AjI 

<_j1 <d>^o (j 41.J& b J5 L^o ,jl^j IDA*, a^L> ^ JUfrl <j <Ujj& (ji^^oi" 8 aS" juib ^ 0(bc*/5) cJ\> 

q Cu>> (_£ oJJa>i r>^' (_£ ^£>CuJ AULo djlft^ito Lol . j <|A> Uo op jl ^Jyo ^Sua {_£ ilA&So <Jl) jLj q C-u*jl i_^ul>LLo A>lq 




:(RBFS) vgi^jb «j^>^ -,jJjt ^3> 3 



<u CjqLfb Aj| b i AiS ,_o AJiiS' /jj \y\> Ay tS9^ 9 £***»> j' "" £o*>l GjLo .JLJij \i> *,!) ; jaSJl lXi q> q C-ou*> AjI 

you^O LoJ b ASoI J_^l> <*-> Lol . C-Uujl i^>->ZS jb ir&oS- (_£q> J C-oixi> 4;^oui /jl )U>luJ . C-U*>l /J 3 ^ (j' LT*^^ ^jjlvXa 

I ji I . AlS^oo ^)IjaSo (J 1 *^ °>S^ ilJi>l ^ttj vL? jl I) ^VjJISL^- v^oo oO^"fe jlAilo <JAi <Cobl /Vju C-cowm> 4> K /J 1 *^ 

L_Ji£- dj C-uAj jb li .JoLoJ i_jb>tol 1 1 /yuuujL> y^-o u ii vj (-o >i t— lie d> rt^lo laSJI i AiS 5 gL>d> A> AjI jl (cbiS ij 
L)l i >jSo ^aiffl JjloXoo q i <ql ^3 2u dj I i aSjj jiiq^l >3 C*> li v>j jl O o ijJjli^J Aj x>V yo I ;lAio «j ; iqSUl AjI 

. )*> u A>L> i^jyUiS Ijjo Job C*> ij oj jVl 

e L~ /Lais' ^ AJy ^1^ ^U 6 / IDA* ^Lio jj ^,^531 ^J U oJ yljls" IDA* jl ^ RBFS 
. c^>l O(bd) Jai. ^l" jl ^Llo ^/Aj^lo .c^>I <u^ A*auLoji> RBFS < Juib JqJ JjIs h(n) L5 sLiiS'l 

Lib aS L yj yMjS ol jj vou^o /o iI^J h^*-* lJ i^° 9 L-Si.iL.u.M q^ ^jLt C^i3j d-» q C-m*>l ilqjwij /jl /pLoj ^SXiS^JJ^ /J-^*-* 

. ajL>^> i_^^>1 L^l dj jjlqj' ^ aJLi* jjI dS" a^lS" ^ ojLiLol ^ajI dkiL^ jl RBFS 3 IDA* . j^b LS so^ 
lj ijy^j cjLtMLI RBFS J3 c^l f LJ i*9 <uj j& aS" a^" ^ (JjIa^So Ij ja& i_So Lis jl^So y& jjIDA* 

(_fljj (c*lj (Vii;$5t)' JJ (ji' ' -J^b AL^b L^o ^^j'jbj (_f 4iisL>- ^1 .AlS" ^,0 (_f jIa^So 4ii3l>jj IDA dj Cix^J 
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?& 4jbbb?1 i_9b^C5l 3 3>£*x»> : pj^>- J^25 

:SMA*^j^Jf 

(_fL& Oyf o^y. Otrt }' tJS'M i6 ^^- O-^ )i \> •$$»> )i Ala9l> b' JJoi .-o ^py^S \j i_?^> (ji^^> A AliU SMA 
4; jLi i -Uobj jt^j^SJI jLxi-l ji <_fl 4lisl> 3 A*ob AJj^S -iJoJ Aj jbj 45" .yloj.i^S' 4sLi>l <_J JoA> 0^5* aW ..^J jJuJ 
(_j Aii3l> j| A>A> A>j^S a AlS" ,_o i_9A> \j Oyf i_So < SMA iya\ AjI pbxjl i_$\y, • C*^j\ 4lisb>- ^aj y ,iA>co Al^y 
Cjbv A>J ji .Jjjb pU oA^i jj^ayol v3 (_£Ub 0^5" <Jja^> ^o i_9A> Jji >b> A>l 4) 45 (-i.ua 0^5" .3 & JJalai- oilaluJ aI 
,}A>W (_£a>a C*^»> jl ^JySai> i_j\)J • C-u/J Vb L^>l (_£ ^.j^ ^5 JJo^i ,_o i_jL>loI AAJj l_9A> (_^l>> /P" Ovj 
CS-jSyjjS i )t^ ja dii^ct { ~~^J L t? L$ 6 JVjS ,J'loML>l bxjl jJj <_£ S ji < A>l oAJj i_9A> 4iisb>- jl 45 (-".Ik d>ji oj 
v>Ll) ia^i C-ou 45 jjj JJjbla> AJ3J' OiUai ub tZ*>\5y\ A>J /pboj /Vj>>Lo • SfyZ) ^-o (_£<lAk5o aAJj .Jia^liJ 

■JuuuuJb ftJuwi AJa^ol^S vy^*-° jl >J*A; v5s_0 (_£l& V^u^ 

SMA* <j>\?> 

Jw oiUluL>l (j*) jIulO JjIs 4L-isb>- pLoj jl Jolaj' ,_o 

. JuLS - (-o <j,yS £> Aki ,_o ojl>l 4iisby 45" ,_>b>- b' <_J;b^o CjVI> jl 

. JuJjb 4LJib ^5>9 il> fil; >^*-° C9..y l^ ^" f*^ c£ a }ir*^ L$'y. 'lj^ 4la9l> 45ol L> j^i 4j C-oujI J-oIj rtj-^. taSol AjI 

ia>a (I A> v^-oj b i_SJJb) yf^~o (jiV < ^'.>' rf^ C^ °>^^ (_£'>! LS^ 4la9l> 45ol Is yX> Aj Cmjj] 4JL^> n^Xj jaSJI AjJ 

. Aiib 4ZUib 
.CoujIjlS' (_J 41^; SMA (_Jj>j Ci^»> <A*ob (315" CiS-ji L?5^3 Ci^»> (^l^; ^5>v> <_f 4li3b>- 4S" (jUj 

i JuJjb ZjLuSo Lib l -5^>! |°UJ I iljJLo »5 I. C-oul)I 4JL^> j_^Lib !}> oK A^Sb i^JijJ a laliJLo 4oJb ^o jaSUl Aj [y&> oJVIA 
i^jjLlS b I) 4lLu^o A>J oJVIA . JuL5 i_jI>loI i_3A> (_^l>> ro^ 3 /p>-^*5 (_jlw rtj^ M °>^ l -5y. r6*dJ9^l -V.b 
A^> Loob ia^i (ajj^o oJVIA C-oujI a5vo-o Cjlial ^bl5 . XS ^-o !}> ^ooA3 i -^>! /V J-^J i-SA> 9 A)-i> O o A> yX^> 
^9*0 ^0 (_f bv 4li3b>- ji ^Iji - jSt> jl (jSo-ai" (jil>o 4S" (Jb>- ^i < JJbi 2^3 >^ AjJjli ,_]> (_f L&^^o jl ^1 4^30^0 

:4li3b>- ^Sxp^j^ ^aj jl oA*o ^3A>to 4li3b>- ^bi ^ja^JI ^^i y ' &&J 

IDA* < SMA*<RBFS 

JJbi ^ ^Lio \j 4li3b> 4jb> V b SMA* ^j^l jl Jbto ^.j J5L^> 
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CJl> ii I) i-S^JL^ i^fc xjb' Oo /p9y b /pa> J*^- AjIoJ ^-a Ov>q5 (_^l 4£-qA>^o (_£q) D iSiir OJlJJI (Vlwlij 

L^O j_£l O >>9* l_jbu£jl iq^S IS .C-oul>I 1 4j LioijJ <0jujj> ,J>] \s <-;Jq> -jSbj^O I xAi (_£nJ D iljJLo .A15 ,y2>ulix> LT 1 ^ 

/) I AaJU yS*j$y 1 4j >>q^ i_jbu£ol \yS IS 4> »Jfc L->^LuJ\&jJb i_5o ii /jjl olo . C-u*>l C<jb Vqajio C*>u*>q ^-> )'y, iP 

^jjjo ;ijb kL-J hi ^ h2 olSjl (Ai^b J^J JjIs h2,hl aSLoI ^^ b) h2 (n) >= hl(n) < n y* ^Ijl <u ^?l 

JAi ,_o l ^jjlUuS \\2. t_£y5 yS 4j I) A 45 /pbi vJ iljjo .Co*jl J i_— ul>LLo q> q C**x»> (_£mJ q Juib ,_o >J'nl5 
(UloulIo Aj 45 j_^l ii jA lT^V. ^5^ JJMa>d JJbi ^-o l CZiy^£ Hi j_f u5 >lSo b A 45 /pbi >J iljjo jl y-^J & \b> 
,j£oa> hlb A* £j| jj OjMfr .JjL ^y. J^j^S }^ hlb A* ,J iL^^ <U Uks Job ^ J^j^S h2 b A* <J 
oiujlxol yS \ y> oiliLo b i]q*3 i_H^ (jb^JO I ^jb' jl C^uyty^j 4-JlooJfc IaJ .iq*^o ^Soi j_^L& ij ,Jo\lUuS 4j >>c-Lo Co*)l 

.JuibJ iuj ( c~ > ' ^y >k >i <->^iu*j)$jJt> ^jb /.I iIjJLo j_j 4^ul>L>^o /jLoj 45 1J0 yZ> 4j i i S 

^cUxc ^^Lm 4JUwc A; 5<o A«0 J> ^Iji IDS < A*(h2) < A* (hi) ^Ift &&»> 4**Ai* 

:A 

.Coxil oAaJ Ajqj' TT b' T jl i_0Ju>O3 (_^bi i^o^ 4 " JjV. /c^^biij' 4JlLu^o 4JqoJ A*c> Jllq tiZ ^jSUCJol A^lqJ' C^uJi j_^l>> 
( }5^i . JJl oJui A> ll^, 111 jl Oilfll^il b A iS>\5 (_^q>q C-i*^»> q oJjq^i )1 vSo ^JU^- (_^q> q C-oua> O^oJ 4j a 
It \Sta>CUu> AjI ii P^ t_jbu^ol iq^S IS q 4X3u ,ji jlUtS (_^L& OvJ iljjo /j-^V. 5^9 ^*^»> (_^ ^*d>* O^! >S Auujlie uj 
4jL&l5*l A q Cu*>l hi jl ^1^) h245" CiS^5* 4>lJo jjlqj' (_o <JjA> /)jl jl J-^>1> »t) Aj 4>qj' b .AAi ^ /jLl) 

.CoujI 4jU.lf lb IDS jl jify ijiS- 
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: Y ojui Jb jou Jl Ue 

v5vO CjiLe- 4> Juob oJuo i_9A> /)l (_£u& j5sia£- (_£U& CuiqA>io jl „ .At> <o JuuuuuJb ,_D Lu^s oJuo JjJju ^ lu^ 
(_£ \a\o A j_^Lojw ^vilaS >J I.JuLuul&> 4>l^o l&jSJio^" (_£9) >! i_$ y~o5 C*jiaA>^o L> JjLu^ AjI .Juiu oJuJJ) 0iLm> dxL^o 
ob'qS" hi olSsjl ,iq^> (Ji> jl^XoJi <_J Aj\> <Jj laftS ASUjI ^l^- <Su i^J* jl^3 !*>}> )& J^ Jjl^lj 4jl> yt> <*£ xS ^-jo 
olSol <oJm£> JLi^il £J >o O lt^ ^9*^ i_H^-° '—*&■?' >k P S>° (- ^'. *^i -^'5-^ <*3l> >& >5l 9 .AiS ,_o iJ^o I > !)> oh /jj >j 

■ -^ (_r° '^Si b l)* - J (V s^fcli^J v^> h2 

«.Juib JlS- B q Juib B ^.iq^ L> ^-ftil jlq> ^ A ^51 Sjy, B djli- 4; Jolqy ^ A ajli-» 

.juiL; B jlq> jti-fc A^?l $jjj B (_j 4jI> 4> jjly (-o A 4>l> 
.juiL; (Jl> B^S*I i^ B <_j aj\> aj jjly ^ A aj\> 

<tL) L&.iaj A&la> (-L^' <uu-u^o ij> t_$<y, /_c^5^ c5 "^-^ i-^£o xj U L> jjsJo lSo aJui Jjjuo diLu*^ lSo !}> V oojui 
|OL> <*J j_^l <toUo .iaj A&la>L> (J 1 *^' diLu*^ li "^^J J> Ol) < *-^ , .>' & Jl y^t > .°~ **'h < ^"^-° t -*J *^tfe lJ^ ° J 
(^o -iJy jl5 ia> jfti' 4j Ij lj5 L^!5 I A^ly '>Sjp isd"* i-Xkl^j q C^lj <Ui*^o (J^JJ j' fi^^^l u ABSOLVJirS. 
<<JloUo AjI .CoujI yiXJba iJ^S ^-j'qj' jl A5 i v5 AJaJ' A j_^Ujoo (_^l>) M (_^JjA> i-S-J^o jq^ ^;'y ^*u o AjI .JuLj 

• •— ****' °^>^ iJuo lSujoi (_^Lojco (_^l jj I) A^o ^jSL^lS I ^ju /VJql 'ij^-?- -^ 
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<_H^ [jSU^o I £•>'$> j' (_jl 9-»>^o i5 I C-ujj\ i->^2jj*j\&sJi> xAi Atil^ (V^V. <Aj A^- jjSL^ol £->lqJ -^3-> CjMSvJI^ jl ,j5\j 
4> t->^Lu*j\fyJb *jb' Ajyl^; olSol AUib dUil-U k? I < ■ ■ '»' (_Cv5o.i o |olj3v>L^& q rtf^". < J £«*ib I) Hi, Jl^,..., fin i]^-9 
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:C-ua>I y>\ Cj \<y& 

Ja^i JjIs *j\y <_£ A^jt, a5LoL>uI jl Ai^b ^ ^j' c^JlS I; hl,h2,. . .,hn ..sLi^l *jlqj' jl ^S ya .jl^cSl xAj ^A 
lxi p'-J-;l (_^l>> >5bp iy'ij .c**jI >JKIS« 5 «b lolm" iqi Juo a>Ioj pUj >> II cJl> ,vl ii c**ol Jo^s .bis j*J II Co^l 

^iljjo (_£q) q>£*x»> (_^l >>l la^>aJ' Jjlqj' ,_o CjI&MLI AjI d5 CuJ (_£jU1 CjIcMLI jl oilflLujI t-Ja> <_£ oJuLo i_fL£o 
ti q Jjq^i i_jI>loI ^jSiLziJ' ;qk> <k 9 AUib 4Uib K A(_^Ujto iU>Lo 45 AJlL^o 1 ♦ ♦ AJ0L0 .iq^i (_£ J9' £*■?■ 'ipluuuo 
(_£ 0J0I .iq^i <&3y> ...a (W*jL > )lq<4Jl^o<,vSoL-o Jio L^j'- ' (_£"k il"^ 1 ' i -&b'.'>co (_^bi AJqoJ c^'y^l 2d L$9J '-"d^ 
,-klj JjLo j-o aSU^ Ij <Ulu^o oj jl a5v-o^ up J y& (_£"i ,)> olj (c^lj c^l ^.j-^ (_£ ^J^^ '5SJI (JlcMtjl <_Svjb 
/Ja> xj\j Jlio (jl^E- <k • Sy) Oililujl *jb' AJL> (Ja> ^t$ y jl -V.- 1 ^ LS 3bi^S'l £->b" s_Sy pljjl ^l^) /jlqj' ^yi CjlSql 

^W c*a> iljjj x2(n) 5 c^jib jlsU. b U> <*;l> ilA>J xl(n) j I p ^ H (n) = CI xl(n) +C2 x2(n) 

frJal? is^'j <_? "**£>* ^ (Jd^ <-?'>! Cl,c2Cob ^iliLo .JJ^5jA5o jlq>u>Jb jjj i_9Jl& cJbvji 45" jlq>u>J& (_fl& 4>l> jl 

.J^Jj _M&lq> 

\J** £& B C**^ ^(A ^Jj^f 

iqb 4> Ij q>q C-ou^> (_£Lzi3 Aj JJiqj oJu^) ^Ji-lji? ^iqL? rt>jiij ls^JJ^ isi5^ c ^ u ^?' L^"^ rO^iJ?^' U5^^' 

q Jm^ j-o (_J <D 4>o v^u^-o JuL> b Oo i_SJJb 4) /jJ^oul) 1 b' UJl li q JJib j_o jl y3 /c^JH ^J5° (l° ^ P-^I'-S^J'U^u^oul) 

.ib j_o ( Lx J JiS' Ij <ULi^o !}> aK i_3JJfc <ij /jX^k y^"^ 
w^> t PJ9 ^c^ *^Ju-^*-o ji J^ lJ 5*^ *k c --^-'-'-'- t f>V° L -^ b ^ b ^-* lJ^^J ^y^*^ lt 1 ^* (_^ 9^" 9 ^-w^>- (_^bb ^OjqSJl ji 
• Jit 9 j' L^^VJ LS^^y.yS J- "*' |_P "^° £y Q>) -J^u ^^oJ jt)^- ljJ9 (j- 1 ^ 43bi>l '~ r ^iy 3 Coul)I |t^° (_si"V L?^J 
A> ^I.Ju^b (^o a^i- q 4>l> j )l5' i-flS' ji Lfti olSiwi ( jUji i ><bijlS' (_J Jl) jjUj < VLSI^^lXa ^L&jljuo ^J>\)o 

Ijjjb 6.1o^- C-oj^ qj ^Jq Juuuu^jJ t-SuJlcJuLujuuJ ^Jl^Lo ^gq>q C^umS* ^ub ^l»jqSJl 

.AILS' ^ ojlaluJ [jo^" Alisbv jl <i5Ujl 
. JuLLS j_o lAu (->q> (P^ il> 61 J J-LLu^J i_— ujlLo Ov^'LoIu^oul) j_^L& rt,Io iqSUl A$ ^Jt Ulobq O 1 L> CJl> (_^biLA3 ij 
Lu^ /jjl )i .Ju.V->A..th J^o jjj c^j"^ ^*ife i_r ^^° lJ^ L^'>! "-9A& (VL9b o OqMf- (J 1 ^- cSi^i C-ou^> j_^L& rt,Io iqSUl 
(_£ La3 gTK?ni 4j j_Jl>k-o (_£q> C-ou^ OjJ c?l>! A^)b j-o i_SJJb ^jb' Oo jyjLol y C-0\> /yy^j A^Sb Jqi^O^ Jj 

:AjJLS A>qj' oj CJl> 
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: 1f ^Aj^ 4*5 $&&*> 

j-jo J^M <U3 <3l> (5^3 -^J c^^b i-9 vb 4> ^-ooJuLj ^-o Co y> t-Juj il ^jb' jpj ililjJLo ^l)ll3l C<A>;J «,!> laSUl AjI 
olSo (_£;l> CJb>- /ilSyb.i.i.o.&> 4> laiiS (_£j iaj A^' rt>Io iqSJI .J->b ^-o <ioJl> C-ou^J JAlb /jljl (_^l djL^oJb &£&> ^ isiW" 

i^JtO <rt>Io iqSUl rt>i-^b <Uj ;l& ^jIL&ljb jJt>^o ^o^Loo JbJJ Aj j_^J;o> AaJT ^Xj jaSUKjijI .Aij ^-o i_jL>loIK djb^oJb 
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First-choice hill climbing 
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( Jl>La (_£"& AysJJSlo 5\^JuS\ .ijb iSSUuJ CJl> ?tku) iP^ii 4j t^jSjqj AfJ C-cJ*3q^ .Juib ,_0 /jj >1oi*>ILo< oja —A 

.Ao ,_o IJuj (->3> ,l> ol) bo vi*> ,J.jbz2J> .jA^to Pq^)b t_£$\qj <UJ> Juib rt>5 bxS'MSq 

(^T ^ .jl>s jijjtf- ^Jii /l :. _Ll) JaUi >J+* £j^ L Jij > *J * 

C->B->E->FX 
HX 

C->EX 




©— ® 



;. < 



,-. 1 



A-»D->G 



JJbi ,-oJ \j jVb (_f 4JL>>k Li yjaS pLaJ'jl b CjVU- i_9)L 4j (^JU /V>.v. 4j 3J CS \> <_£ ojbvl 45 (_g5jy 4^' rt^jqSjl 
j-jo ^jBibiiJ' jtaLS tZS y> i_So (JjliLo i_9jL5 1.5 .io>ii <_flSqJLo (J 15 ^ rtj-^i.p ^"° '-^i .P C—uliI /S~o~o loj iCUx^J ,1-oLS 
j-o i—^O J jjSiLaJ' CO >> b I ( (_£,5 iaj <!LJ /jjl >>Uj .C-ou^J KlS Lol <C-ixol J-olS ^jSiLuaJ' Cj io>^> <fL> Lib Ajo Lo i_jLxIJ| 
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CSP JGL* JL> t^f j^ Ub i^jwJLwj3a& jl o^U^w! * 
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:(CSP )w^^3^Xo ^t^jf JjLno 

(_£lkl0qjij>03 jl ^1 4£-^a>Loq JCj , JC2 ,.. ., X {_£{£> yJCLo jl ^g\ £&oa>u> la^>qj' l_,iSx U C*jiqA>Lo ^jLjS\\ JjL^o 

I) lft> <S£-qA>to oj /jjl jl>c-o CjL-o\}' sOlJLo C-oiaA>03 /,] 45 (_£ iqb dj C-u^L& y^° jl AfrqoJ^o oj ^iljjo J-oLii 
gtJb ^3' £-ul> O AjIoLo ia^i} ^_o ubcu l&jl pLoJ L) yjdo Ai> 4> (_£ vOlilo l-jL.»,i.V.''I u CJl> sJb .AiS ,_o ^ua^ull^ 

. JJ iljj iljJLo L& vot^o jl OvJ 

. Aij /fO^ (j^^ lj {J^.^i^^ £^k *^ c-u*>l jjLu^ijI i jls jLwj cjLwjjI 

\j i_9A& *jb' <U JJjb jLJ jjuxl^- olj dj IkOoP jl (c*^; -J^J <y O^^ql v> yj I) l& CoiaJi>-o pLoJ /jl u c^Mf- 
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\(R)j^3<(G) j^> <(B) ^1 }: (diob)^oliLo jl ^1 4fr^>to 

c, : W4 * iV7\c 2 : WA * 5A,c 3 : NSW * V,... 

WA,NT={(R,B)(R,G),(B,R),(B,G),(G,R),(G,B)} 

cJl>:{ WA=j.^, NT= j^ , T=j^,V=j^,NSW=j^,Q=j^,SA=^l } 
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ij\jj (J il5' ijiii, ^iio j^\ CjS iS' j^o aj $j£ Ji-V Lsij^ $i cjl-k Coioji^co dj ^laj ^ lj All different coijA>Lo 

.■io^i) Jj Jlo jjqiqi (_£l-k CoiqJi>Lo Aj JJIoj ,_o Vb (_£ Ajj yo C-oiqJj>03 >Jk iq^i dl3S daj ii Cor AJlLux/3 Oo 

ri^5 ^jLu> Ajq>3^3 oj Cjjq*^? Aj /j'9^* tr- M (_£j '-* J 5"° J AJlL^u>» 

. pls^l la^iqj' oJui Aj l&b- ^$)> Ai> b ^jlSjj^j ^LoJto i_So I OVl> 

. CuJ oJmio jJl>ll=> Ujco jS M^3 a5" JulS" jV 1^jI> p3j <_Sy b Ij *-9^.> y& £3^3 • ^ j^ioX 

.Jjb j5 (j-os! 7tL>o^J ilAfrl jl Atqo^o i-Syq Cua>I joIB^I ( LoLo Wi* Ujoo I i_SJJb /j*©jl 

,)£u£> '. \ u*o tC AJL) \Jb 

{r<r<™ } : *^b Qi , Q 2 , Q 3 , Q 4 = i* ^ 

. JJ yS \\ 3 yaS b /jq^> u )b..i <->o ti AUlqy ,~o-> Lfc >j J g : \jt> C-uiqA>Lo 

Qi,2 2 ^ :{(1,3)(1,4)(2,4)(3,1)(4,1)(4,2)} 
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: CSP Oj^a 4* 4Lma ^tu ^bt j* 

I) i_3Jl& /j3-°Ji 3 ollCCesSOr *A> /yv (-o f/)Li oiliLo b ,jUbyJ«i» ^ Ac-qoJ^o I L& cJl> i iIjjUa*>I ,Ji;loJ ,Ub a\j 

. JuiL) JUx-I JjIs CSP y*> ^l^; 450J3L <jj oJiy .JS" ^jS^Ji 4> 

JuLJiLj AZJiljJ AJlLu^ /t^b- (_£ AJLob ii ,-3b^>l ( j^>i^>'>o Aj jbJ AS ^3^0 ^bvJ isi')b 3 i_J^ c£"k L -^£'"' u dJ9£* jlsl ,-« 



Ajhl ,} JJGUajI t_Jq>CLuJ>- !_£ AJlLu^ i_So JloLo ^^jLillSl (_£jbo <U3^>3 jl cOla.V.u.'l b J0I3J' ,_o Lor AJlLuj3 Oo!4a5sJ 

■3qju> 
. ijljj jljJLo ^^ilo ?tJi /jl ji 45" (Jb- t_jb^Jol : A<Jal cJl> 

jjl <ti3^ jIjJLo M*j aS" (J.L& ^Jtia b j5\ ^3*o oib c^uJ jIjJLo Asli ^oiio y^ ^o AJI3J' ,y> jIjJLo i_So : Juu lo £>\j 

^ aj b c^>l J^>b" (Jks i_jL^I U : tijjb (j5«j) 



A° CooqA>io {_jLJ>\] ^Lu^o : rtf>W. lV^ 

a i«) jjbla> n i^a£- ji J> olj Ju^jL) <scob oq>q >^*-^° n <uiu^o ^j v3 1 IJJ c*ol ( Lol3 i_)Lui>] t_x> ^bs- olj jjt> :<C&j 

i_$\J !)> (_£lo (V>J i_oolLo <^LoX- (_£q>Cx»> t Ubq>C.i,> /yj jo Ajlobo Jmob ,_o II (j^E- (_£l)b $'?■'""-?■ C*> O 

,_o UJ (J 1 ^ lSS*?^-^-?" lS^ (^t)r^ C*t^ oolfllujl lUu CJl> <_£jbo <U^oj3 jl 31 4lJI Jmob j-o Lor <ULu^o 

. JuL«ob J-^Lo l_0-T JjL^o (_£l>> J-olqJ' 

: CSP JSL* £\#\ 

< <!u£jb (_^3i-°' i -5o ) <Ui^^o AJolo Juob j_o ^fclCo j_^L& AJLob b AZUu+uS t^gUbyJtZo .Lobo Lor ^L^o Pqj j\j kj oobo 
yjCLa \&> AJLob ajljol iiSlA> Lor <UiL^o Oo io S\ . l \)v ^ukLor < j-^bi (_£ ilSoj^i <UlL^o < v>.J9 A <UiL^o 

. aJ>L^ 0yd ) J^lS" <_j b^>Lc>l iljjj olSol Juob l&^uCo oIjjJ N q j*ob d ^>l^> 

4j . bi <C^o 1 b ptL>uz> jlAf-l jl (_^l 4£-q<&>Lo Juolo ALtob ALtob yj ,_&bCob <_£bi AJLob Cuol /S^ojo dLuuuuuu <_£bi >;oCo 
jo ALtob j-o ptk>uz> olj£-l bxJl AX«j oibLo q Cuol yJ£-° lXj ilS t& PS>*^ 2iJ" ' "^)" c^-^-'bj ) J J^° ij'3*^' 
.jl (_^l> <*o o»5 i_flj ou ooliLo jbx* CjLaJ JT pLoJ jp ilo^o b hlk CooqJ>^o /jlqj' /j-o-> ,_klCob (_^bb AJLob b ^L^o 
$$Jj fbxjl JOt?2 jl J-j5 Job JutiS^o Jqb jq) Co iS JODi S\ jblo (jl^^C- 4>oq*o OolflltJ Coo qjj>w /jbj jl Job 

(Vi> '(jil>; oqMfr . Cool jbo StUVlJOiX + jS StdVlJOur. ^u, iSyrr <_?^ ^jjb^ob jl CoJqA>w jjbj t_So do 
. Cuol j^&LCob b^jl JlJjo I oj o S A> /S^ojs ^bpLkCSl pUo .jo iLo^o b /jlqj' /;-o-> I) (_si"<W. J 3 J - >c - 

(_^qi CLCoLojl (_^JCoLoj jljlo J.Cti.{>> JqlJLo iLol^o fCiOq^ j_^bi AJLob b CoJqjL>to ^jL^>\] ^L^js (j*9lq (_£boo iJ 
<u JlIIjluA (_^l ALtOq^ j_^ub uilo oJJbLLo v& (JV.V.9 £S>^ • ^jl J jW i_J^^ J (P j '^ 'IJ^biLO 4> Jobi ^pLAS t_jq5k>uJo 
jja> i^uj^) <iLobo JoLkoo (dLioq^ (_^ AJLob b ^biLo-T jl <doJ Aj >y3ayus . JuLLo CcotJT j-oq^o /oolqS jl Job 
JjLkoo . JuLLS jb>ol i_oJ>^o (_J '^'■b i_So 45 JuLtib /J 22 ^ c^"^ (_£qb^ob Cjji^j <io Job bi CooqJ>^o bxJl iJ 4o JJCuuA 

. SfyZ> A> [St i^jla oljjo jyjbol o (_^l <Ulo> AJL> /jLoj iJ Jolqj' ^-o ,J^> ^^imJ^) &jcX> y 

A^r # Red . Juob ^^oCc LiL> (jqj : ^^ylSo (i_aJI 

WA ^ A^7" . J^ib ^^^ilo qo (J qj Co JqJj?to : j^lfji (v 

^ui (_^ ilSoj^i <ULu^o JuoLo Juob uij y^^r 1 . V. <iu *' l£9) CooqJiSco ! yjfu 4*Jja (»f 
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T ± F * W ± O * [/ * i? 

y 

4) Jjllo^ C-o5oA>w Oo (>i^> 45 Jjg*i ,_o oJi^U JjlW^ L> J-olS <_£ui C-o5oA>^o Ju£> »55 45 ,jlk C-o5oJi>^o 

la-u^Sq o olSLllSb /pLoj <CoU o i5 Jblo /j'ft^-C- 4j 5q*i ,_o a5l5 ?oJ>y \&£> b\\ y>lu> >> ,l> oil lXi Ik C-o5oA>05 /jji <5 
4j /pLoj JoJi^- >5 I AJL5 lyjjjX) jA^jl Jjo A&5 ^jO ?oJ>y y laujoo 45\Jb>- i5 .U5 iyjJ\S> ?t^> A&5 ,_o ?oJ>y X 
!}> oh Lol 5a^i ^-o i_Ja^*>^o !}> oh i_5o JuL5 i\uJ\X> M^> jl -ix> T C*£-lu> i5 X \&mSqy 45 5a^i foJaU (_^l 4ja5 
. Jja-J) JLo^-l Ik yJ^La jl i_5o v& t_jLxJol i5 4L> jjfc Cj\q*& Aj JJJlqJ' ,_o <b C-oaJol <_£ui C-o5qJi>to .C-i^J 4L^> 

i_5oi < xL^liilo CjUj5 JoJl^- !)> < >iJ9 " ' (_^AJL«jLo J 4JiLu^o : AloujLLo Lor 1P3) ^ J** l^'h *>j ipL^^o !4a5sj 

LS*^S L^W^ ,pL^° a Ajj]y <_5o (_£3 ) W3JL i_A*4?' ' £jl->b>c2ol ^AlJLoj < ((_£ <15oj^il jj^lii (_^LoJto 1 4*£k&> ^j^l 
(_^AljLoj g |}^3 J-*^ - c£^ u ^^°} ^lu^o i A&5 ^-o (W;5 h ^ul>j45 4> ,j*"5 4> 45vJol JJjLo ^LuUl ^L^o : ,Ua3 jl 

: CSP giji *dj5Ufe £&im> 

jJCSq g JJbJ^ jljJLo 1 1 yj£* <-5y. ptla^) v& i5 45 5q y^o iD 4j .JU^- ^Jo>£Uh> (_£l>> 5 y\jjii- ^q>Uj^> ^yWnin] 
fail ; joSvJI Oo 5 iSLaf- t_Jq>Ujj*> . 55 >5 ir^y i— *if- 4j Ju^>b 4LJiljJ 5q>q y*^° '-^V. 4j i_jLu^oI (_^l>> (Cv^uco jljJLo 

. AaJLj 4>qj' oj Jblo 4j. C-oul)I JuoKd U ^5 \'y JjL^o !}> j_^l>> 45 C-u*>l 4jL&l5 IU 
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8 "Jk 6&J" 

(_£9>£m> jl y t_£$2 ri^ uJ . ^-J 1 *** )^ 9 •^ ls° r 6 ^ J"^ CoiqA^to ,Jl>o (_£n-> ?t^>o^> /p9 ) i -So Ju (_£)^j"*> oJu>l 
LiiiS a v5 I C-ixJ ilj jLo X 7 _y lb . C-u*>l CuioA^io t-3\S li ib C<A> Jb AlvL jl lalalo . C-u*>l y^>. ic^jy. 

. Juib ia>a^ y t_£\y r^° Ji^"^° j ^*; < ^ iljjlo y& <_£ljl Aj S\ 

.NSW=red 9 SA=blue /I cJ jlf jL, SA^NSW 
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Arc consistency 



\& 



.V jl red 5 NSW,SA jl blue «jis. L a^ ^ ; l?jL> SA^NT 




<*j u aa^D 1 '-?-'' 5^?^"^' i~%y^ r J-^ o^J "ji o^rf ""*■ >° *-^i cj\^& <*-> Jjlaj' ,_o Arc consistency ir^jy, 
,-a Alio JVLAC (P3; (jl ^i *" 5-?-^ u ^ o**' P 1— >Lu*UI >& jl jvuj 9>*"^> ir^jy. J^->L° ifi^i < ^ >m y t -™ Cj ia*£> 

45 /jL°j >k I >JJ JJLoo /c^4 <_?)" JLudU gtiib b' a vp |OL>tJl sS^o Cj sy& <*-> Ajb AJol v3 AjI aS** >& O . ia^i fbxJl ia-ui 
a <bjj| vot^o /jl 4j 45 |jU Jb ii C-u*>l aSvao io^i ,_o <_9A> {_£yjCLo 4JLob jl JjJLo <_So Jb t_£y-> jb*>b *3 1 <aliLo 4) 

4? juiLoo (n d ) cJl> (ji/Jj ji Arc consistency ^Lj J^Sj^ . i$*i abol jja> ^l? jL>b alls' ^ 

(_£ 4L>jib ^y^t!. is^JJt ^i l — <^^ Jb. <_£ iIj jbo (pj ) 4> j5 1 . C-ixolib yJ^Lo iljjo n 4Lob vOliLo iljjo Q /J ji 
.JJbi ,_o ^jO^p^jZj QyZ>^!. ir^jy. <p9J J' y'^SJ b l 1 — *i^y |°-^)/y^Sbj loj .C-ux)l JJuiLo Lol i iD ^JjliJL>j 

: ( K- consistency )k ^ jlf jL> 

jl? jL>b NSW=R , WA=Ri_jL»zjI Mio Aao ^y^k^ jjly ^^oJ lj ^^SU* ^U. i_£jl?jL>L' pLj Jb <jjl?jL> 

cJ"" 5 ^. 3' L^y' l£3^ i_P^ ^ (_£)" j"*> t-XoJ 4j (Ji'>i~ JJ^i ji^iL^uIlJ' K /jl JJlaj' (-o-> Jb t_£y-> jbjJ ,Ja C-u*)l 

. i »J LJJOO Jjlaj' ^o I) C-cOaA>io 

: K- consistence <Ju jju 

l& yotio .jl <d jLo i_jLu^oI jib cS'y. 3 y*^ k-1 >k c£'>! >?' '^>* , l J^- - consistence c-oiaA>o3 ^Li> <i <uLu^ oo 

AjI 1 -COnSlStenCe j_^Loto ( JUOo /)!**£■ Aj .SJj\j dLiDb ^a>a yJCio (V^l IV via j_^l)J )l? jb^> ilAio Oo AjuuLooJh 

,La> 2-consistence. a^ ^ oj^b Node consistence ,j;l?jL> ^J o-»l jl?jL> ^$> L> ^^iio ys, a? 

yot^o /j^a^m) 4J Jublaj' ^^o Ja>toJb (_^ub ^otlo jl C-tft> jib 45 C-u*>l AjI O"C0nSlStenCe ^bjto .C-oujl Jb j_^jbjL> 

i_slij 00 .jja^ii j-o oAjoob r&tn consistence b v^-o ^ilijLo < iSy^ j"** od' ^jk ,p>iuj ^jLu^ib 

k- 5 k-2consistence 5 2-consistence ,1 -consistence ol?yb c^l K- consistence L^i 

a? i^? J> i^? t_*£c jjjo I; aJL^o jly ^ juib K-consistence l^s iJI^? ^?1 Juib 1 consistence 

c^>l O(nd) jl ^jLj ^Ai^. 

l^S k- consistence > K- consistence > ARC consistence > FC > i^? i_Jit 



l-Ul) 



u 



Maintaining Arc Consistency 



\y 



C-cOqA>to t_jL2>\\ JjLua/3 : rtf>W. <_r^ 



: csp ^tjj s Jsub & & ** > 

aj \j CSP JjLoojI tjji^ji simulated annealing 5 ij^jy V ^^ c?^" l?5 : ? 1 ^ <_?^ fWj^' 
. Juib jIjJLo <_jl;ta Job L&^iio ^Uj j^oo aju5" j-o ojlii^l J^>15" cJ L> <_jjL> 4lq^s jl L^>l .Ails' ,_<> ^y> ( _>JjlS'j^L> 

4> . A&J ,_o y...T.'' 1 1 vjALo i_X> iljJLo 41>^o ijb ij Ax>lo xjU a A&J ,_o C*^aJ I i (_£ JjiLo Ik yutlo 4oJfc 4> 4jql CJl> 
*jb' a C—uliI /J5^> C*JL& ij v»J9 C*JL& /j^-° j' (jSjL^jJ' up J Oo /il 4jal CJl> v>jq — A4xL^o <j Jlio ,jlqJL& 
i_X> j_^l>> -V.J>> jAJLo i_jL>loI ij . A&J ,_o Jliol /J5^> /jb-k J J (_£>^V. J L$ . **"! 3 °^5^-* I— itfeol I) s>.J9 '-So Ajulo 
ijijlioS 45 AlS j-o i_jL>loI I j (_£ JAsLo *ju AjI C-ixol l-SsjuuujJ jajj& Aj >1^> < OLJ*J3Uj |^OwwwyO UWMuJ)a>Jb <v^-° 
. AiS (vi&j I) L& C-ojqA>03 jIJjo jVilsJ 45 /j5 i_jL>loI K (_£ Jjjlo (j*JO AiS ,_o jL^ol Uo yutlo >i"^ 4 M ^JS^Ji 

.jqj A&la> 4ilu^o ojljjl jl Ji^^OLASUJ |<^OwyywO iS*fjJ*> j&Jb (j\j>\ ^jbo j 
jl >3 ajla.V.^,'1 J;4* J-*"k l— 'ftSsjuJC CjIA&IjIo (_£-^; (j™3 ■^'- C*>a*> ^L^o !}> (_£l>> OLx A 3UJ /<^OwyyyO O njUUw J «a*jb 
■ VJlil Cj ia^£> 4> I j OU-JaJj 4JlL*^o ij y....T.i Cj iq^o ij A>lqj' ,_o 45 C-u*>l AjI (J^^ cSi^^"^ _PV. J '-*i> ■ ^Jir Lf° 

.AfiO pbol 





Min-conflicts Heuristic 



1V 



t£**l£j £&£**> IpMM* JLoS 



l#T 4xJUao Jj Vi 3 b* ^ jb • 

Mini-Max ^j^f * 

6jH kA^> (^Ub (^jb • 

^jtflib i^Sji^b OUyUOygU * 

iXuunA ,jJIm> ^aic c55b>- 45" ^bjjijb * 
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:4o AAA 

a U> J^lf- ^>L> JUtl JjL> J^lf- y*> (iUlt .u> (_jl& la^^to ji juLuuA dJLolc- ai> ^La l^pco jl ^^xJb*- la> <_jjl> 

4>qj' il>\^Jb AJuolf- JuL> q .Jolji Aiolf- AJL> (_£U& li^OJ ,^0 Cjqlaj' Aj JJbi jl >3 4>-qS' ^)5* M "fc ij' >*■>" ip^T*^ 
(_J q> q C-ou^ JjLuuo 4> >>o-o C-oujI iSoJiSo L> ( ya9Lo li J- ^ l-SIA&l /jl O dj .JolSi (_£"& li^Oi A^u AXujb 
3 LalS 1 rt,Ji£. jl 4>Uj Oo (_£ju CjL*ou i ^.y^ .Ajq^i ,_o 4I>L\Jj L& (_£ju <y& s ' ^> V"*"' JjLvo AjI ia^i .-a 4>lou^2> 
q.5 l& (_£j" >*5 ' )^ Ajq-Ji ,-e ,»l>ol /jLo <i i_So Cj iq»^> Aj [Sb .jl <jU\£-l Aj Jjtb ^q>q J-a^ 9^ "k (_£Jh >*^' .P C-u*>l 
<(_£ju (_£b-l>l Cj Vl> li (_^Aloiq^> oiliLa a Jjq^i ^e pbxjl /jLoo <i i_X> Cj ;a>z> dj Ufc .jl JU^C-I 45 JJib ■iq>q J-a^ 
i^- /-»**" ^j] <3l> — 1 ■ij^ >5I 9 + 1 ^>o I J gO)K>'"' (_£JU <-So /\>0 J4 >S| Jli-o (_£'>! AUib ,-a rt,Jb l_flJl>OJ a (_£qL^e 

.iq-wi ,-a Gib 

.Jtj vp ,_a iD 4> I j L& /jL^>' (_£ALo-J)a& C-cJulS 

AS" JuLLuuJh iqA>to JUfrl jl ■ jSo-ai' <_fl 4tqA>u> 4) Vqxuio <_jlft> J^U- a ili /jLto JaJ ^ iy>-\j Aj\j\jt, <_f jL) Cjl> 

.Jjl ajjj i-&Jyu fj^SS .jolaS L> L& jl goto 



\*) 



^jljlSj ^^>lLu*> : p*L£ J^iS 



:b ^ jl ^1^31 






. J«Xb j ^Jl>- ^J ^jb V ' yLJj ■ d^b ^ ^*j jj ■*—« ^ O^-^i iiSv ^jb \S^ '** '' l£ vul^ 3 



J_ilj jj -JU-^ jj ^Ijb Jj jjl , JlJJ ^ flJ> J-;li" ij^p ^ ^$J? j* jj _j OILS" ^ ^jb flj* L j^ 



jjL j jl 






^ii'^^jU, 



ij C>t> 






go 



i^r 
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A&&& 



u^-5-^" lP^ 



VY 



^1 L _"l 


^ 






goo/^jjk'^ 


jfiiroic^i 




1 4J 4J U WJU 


jflSli OlcilW 



:Min-Max p^jj^M 

^yu^ a AlS ,_o tZS y> IHcIX IjJol tb>,y? 1c r^ ) J IlltLX a mill ASojb aj b I) O^ftj aj (_£Ub <_£jb C-i«^^S AjI ij 

■ jSo jb do CjIjLLoI <_£jb (_^bxUl iJ ja^i |oLoJ <_£jb b' Job ,_o <Lobl djaS /\^oJo do Jmxii ,-0 mill ,—00 i-Bjj> do i^-oaj 

:ja>Ii (_£jb*> dja>j 3 jj\ Cj\&*& do a>a C-m*»> dlLu^a i^-V £j )<y& A) Jolaj' ^_o <_£jb i_So ja^D ^_o ojb ^o^gyu 

.C-ux)l /jLLSo jb jl Ov^lJo C-oaj di ja>Ii ^a ^a^Z^o a <_£jb A5t£u& C-cuiSa^o J-obi •AaI4I CUJl> 

.jJib 4>cJo cJl> a ^iyls c^"^> i_So ^Lij ^IaS" yo as" jub^f ^^j l;(Move, State )jl ^/^J :£**SJl>. gAi 

(Jul) <Jj Ub /)! JJ (_£jl> 45 (JiVU-.J^S- b C«A>I Ojmi pLoJ (_S)\j b.l d5 JJ5 ,_0 l yO^JLo (jyjl (Vl •/J-*"'-'. 0^°J 

a — ^ d>b j_$\yJ 9 +^ jAfr jo go sU.fi jj Mio JJbj ^o Co^uj jAf- i_X> (Jul) CJl> do xob' Ajl I ^-Uxia^J £*U 
y^oo _ 1°T u + 1°T jl goto* J J dl>y <_£jb ij Mto JoJj .jcywa P*io 2j>.bo bb <_£jb ^.rn; ij C-u*>l jjLz> (_£ab^o (_£l>> 

.ja^i ^o aJ_oob yj jblol *ob' b i_9JJb *ob'< *ob' Ajl XS ,_° 

:(tic-tac-toe) ^jb 4440J >S» 

tlC-taC - <_£jb C*> ij jl jJio^^S oj ,}jw> ij.JJJoj ,_o AjS^Zj \\ <_£jb C*>iJ </jb5ojb .Jails CjO y>a dJal CJbv 
Ai ^aJudo X Oj^o Aibj ,ob>ul Jjlaji ^o It /S^o~o C-S y> /v)q] mflX Ajojb Ajal CJl> ij JJbj ^_o /jbij K tOC 

Lijjj ji Ij ja> (j oj^o <uo ,j5yjb £\ job ^ <tobl min 9 max ^ coy <^> (jjb.c^J min 4> ^^Ltio Oj max 

O jj jib Aj oJui Ojb C-u-uJ jAf- ja>Ii ^^o flloJ (_^jb A^ib oJui o A>zJU£> ASv-L)I b Juib Ojb il jj (_£ JaS a ^isL^jaoX- 
a t_ ja> maX (_^l>> ^-> )'y> >i J "^° JJiJvj is-°>; maX OD Jjj jl K /Jbb CJl> /jl ^JuLoja^) /)lj;yo (j>j". C*>)i )J 

.c^>l jo min jjSojb (jl^j 



Utility function 



vr 



^jljlSj ^^>lLu*> : p*L£ J^iS 



MAX (X) 



MIN (0) 



vax :x. 



MIN (0) 




TERMINAL 



Utility 
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+1 



MAX 



MIN 



:Jli. 




MINMAX-VALUE(b)= 

UHLITY(fl) 



if n is a terminal state 



max 



seiiufjiT.'wrjInl 



MINIMAX - VALUE! j ) if w is a MAX node 



mi£ ittan;Bl MINIMAX- VALUE(s) if n is a MIN node 



„i^> A&l^i- 0(b ) jj^j Jxp^j^ Juib <C*ob ^5>j cJl> y*> ji (V3^ CjIs o- D 



^q-L^l* J*<y% 



\*r 



<u^> q J-olS" <d>ji jji^; ijA>w cjj^s ji minimax pi>j$%}\ s^i jjolq> 0(m) ^j&o ^Si^p^iX^ &?y\ 

jIjJLo y& (_jl> aj jjL> Ixol ^ (t>^^ iS>y-^ °>^ ^ L * > <_?^ <_?j^ ^ L> min- max ^jqSJI [t^lai- t^> <j9*^ 
A$ojL> <Jlul> L> ay6 <Jlul> (_£jl> <-Sy O J'*- l^'h frtyr^i y^ P H y^ cS'y y^^° J' v^y *~^t "—'y. y^ cS'y 

\\ CJl> .jl (_^Aloia^> <;b>> /Vj i|jLib CJl> Oo li ia^i ,_o oib C*^uj .iqj yib Aj IV A Vg V(^l ibo <LqJjqA 

ib>ol (_^jL> j_^lJ^ol o iL>6'l JlIIjlu& iy.ij u'^V.jk o^ il>ul f-a*&aA {> Vq«jco ovij Ai> j_^L& (_^J4 JjD >5 ir^y y^y 

.iq-Ji ^-o Al^S^X) JjqA /yj il>ol iq^i ,_o Uijjj l_ Aj go iJj 4> <CCj| .JJbi ^^o C-ouj5^Ji K Ujl ^jU-Ij <ij 



to move 
A 



B 




(1,2,6) (4,2,3) (6,1,2) (7,4,-1) (5,-1,-1) (-1,5,2) (7,7,-1) (5,4,5) 



jjblq> pbol lj J<^ phS" minimax ^jq^JI jl oiUi^l L> A (jSyjb Jj^j ^IoJ ^ \j yj c>y\j a^ <_?jL;«J&o 

(IT85)^b 

:(a-$)ki-iill 0*/* 

cjIS"^> iljoo i_*^> ^> aiS' ij^jy -VJj q>oi*^> (vj aS - ,_f jL> cjVI> ^IjjJ aS" CoujI /jj! minimax <_j q>oi*^> ^jSLio 

C*> li jl (_^l 4>Uj i_3A> jJijb o.C-oujl wJj /jl5\^l q>ol*x»> C*> li (_^uo fi >J <^boJo ir^jy (j9-^ &r*^^ fif* ,n ~ ' *>j ^'^ 

oji^u cx _ p /W)^ minimax ^o 1 oSul <i ojmi o^ui^l jyjj&.^q^i ^-o oj^U /Wv^ <a>L^> ,\l ^l>^' /j3-^! ^y^"-^ 



Alliance 



Vfi 



^jljlSj ^^>lLu*> : jtf>^ J-*^ 



— LaJ 1 /W>^ lv»j J-ob >j ir°>! ^-?*** (J'?**" **-J b lP^"^ Co i> ft - p /W>& 3 SjIAJLuujI minilllclX nCu laSJl.iaAl) ,_o 

•iS' CoJ ^jIjJLo a . siiusjb i^y y.?^* pj 01 .xS ,_o ^y* lj jJjIjj cJLio ^^L^j 4>^i> _p 45" ir^ *>Lo li> 
a a^fi cJbji min (j5yjl-! as" c^J ^IajLo p aJ> jjoIo>l) ^J j\ y^S 3 0^^ cjbji 0^^ max t j£jjU 

Lo 4>lJu li q C-ux)l ,j&oX- rt>*i)5^J' '-^J HUIllIliaX rtCu iqSUl 45 J^iib 4Uib >L>1> dj.Juo JJolq>o /jjl \\ ..".'...L..! 
/jljJjjS is^jy. S-^'y' ^ ft - P (W)^ >*J '"■*£ >i^; >^ P ') C*>ti jl y^uua uj (_£Ub,}qj Li&S /jLoj v& <i j^j mOu 

MAX 



MINI 




4 6 14 5 



A (_f jb OS-^p 



^^-a-s ^JjUU oJjA**4 



MAX 



MIN 




[-GO, +CO] 



MAX 



MIN 



[-GO, +00] 




3 12 8 



MAX 



MIN 



[-00,-t-oo] 




3 12 8 



MAX 



MIN 



[3,+co] /\>3 




MAX 



MIN 




MaxLf'jS'jfiv 1 



MAX 



MIN [3,3] 



[3,14] A^ 3 



3 12 8 2 




3 12 8 



u^-5-^" oV* 



\.? 



MAX 



MIN P,3] 




S*$s 5 



MAX 



MIN [3,3] 



[3,3] A>$ 3 




^^2 



MAX 



MIN [3,3] 




5*5*2 



(J(D ) C-oujl /c^u U(D J is^jy. L$. **"! ^°"y (Vj 5fy*> LS^jy. JS' '*^J>® (ji^^ ^****«Jfc ^-Ljoia^i i ^-? 1 '' A»Ioj 

is^jy ~')fy a (_£bkjqj jIJjo rt>^^ >-jL>loI .-Siluaj' ;qk> 4> I) UJl /j'J->j>9 (j?j"*> *~r^y c£ . ^i P' -^5 ir^jy m 
l&jqj /j>L)J il iljJLo C-u*>l >^> <Vj>>bj i&t'ti ^5^5^ C<ji*>I aSvo^j cSyy^ (_£bijqj UJ L& (_£jb ;J- JG/> A&lq> (J(D ) 

4oul)L>03 /jI (->uj (I jlAilo jqj /jjl b /)A^> d>l^o Oibaj Cj\^o ij u *^^ °>^^ J"** r^-P JS"^ '"^ , . J^ ) 
C-^j^J Jjbw JqA^- /jjl.i**ii /c* oJ^ob LJ ,_>l>ob>- JaA^- <oJui oJJ&Llo (_^L& cXjiSo^o (_£jbjj (^-kj J ( JaJi>..JoJ)o 

.e«J Graph search ^jaSJI ;j closed 

.ja>i iy J y^ > J-°^ J3* 3 "*-! l —*^'j^y.} V. a P '-^i £■"*>! (j^-o- 

.ijb (jjljl^ minimax ^1^. 5 j LjiJ cob ^Uj ojb i_So js a-|3 ^joSjI 

CjVI> vjLjJ ijJuib ALJiljJ (CvSoj J->j>3 ^5 Job ,_o ^?l.^> '.'*>■ 1 l ^j <Jj <Jj p b CX /pj )' ij«K*4 
C*ax)I *^> (_£ja**£> i_*J>j (*i^5^ JVlin ij ji l.j ib jjiw^o ij lX; ^jlAj J v3 o jULo l»JJ 4j ,SSUuj /W>^ U^5^ V9" 

.c-uujl >^ irsy s-^'y' (^.^5^ JVlax ij >j I q 



MAX 



Mm 



MAX 




jl HISX i-JLil HIT jl ^Jb V jf I • 

wju^j liiT x;U nmi sy, j? '* * 

C*>ijjl i^u^a iZ*a+u3 4>uXJ ijq Ojb 4obl ,->bb CJl> Aj /jJuuulIiU JjL) fojb jb CL-U j yjjJt rt^J )0>J| J9>9 /v»1 b 

.-SbjllSI /pbj J fj^j' (_^AloittA*> *jb' (_^l> djqjQAi) JoA>Lo <_£jb C*> iJ (J-a^ ^>^ ^^V""ii /jybi.AO LS^)^ ) J"°^ 

:j ypo Cj ia»^> oj CjlyuJu Job CX-p^yJ Jbo mifllllclX rt>Io iqSUl ij vSo J Cj ilotOoAii Ojlfll^J L&jaj <_£l>> 

y I) C-cuiSlq lXi (_£ALojq^>jl j-Loa^u ,-Sljlij I /pbj il *jb' Ajl.Ja^j /jj ijSobv ,-SLSJO I /pbj )' £i 4 (_£ALojoa*> xjXi 

.jJb/ ^ 

- f 7 - 

.jq^> (jjlqi-l^ (_jjljjjl £>b" ,*3y> 4> dj'A^' ^ ijaStsLo J^ojl ^jjl.ftjjP ^jjjSjls- ^^j Jyjl \> \j ^b.b (jy>j1 

A) t_£yJ <JloU o i_So /jjljli .AJob jJ ,_o o K oJuj ojb C-cutSq^ jl <_£jb illaljl J;q* (_£ALoja^ jl ,-Laa>o </pb j J fily 

:Awb i_<^)LLo JJj <Uo i> Job /pbj il xjU.jJj ^Sc+uj /j>bj il ^ju AjI C^SuS 
i_-u*>ULo JAj j-o C-loujJ bJl dj j_^JuLoja^L> x;u" <u {_£ ojliLo LjA&j ^-o C-t^J /c'V.V. Cj Vl> 4> /Puj il xju' 45 (_^ojULo 

.AiS i_9 yajs (_^jbj /jLoj JobJ /pbj il £jb' CjU^iUx^ 
AiS jyuSvJtLo I ) JO i_c*^l3 (J>"^ (Wujbj iJLuJjS Aj Job x;b' jVj /jJbb yS- (_^bijqj 1J 



Evaluation function 
Cut-off test f 



u^-5-^" lP^ 



\*A 



U AjJiSoT | LS L) l_<ju>I, 1 ,pj )l j" vi*> go >kt»~» (_£jb )i Jli-o (_£i j-J.AUb ij Ls"y. jlJ^o Oo .jloJuoq cOqoJ ^-°^' (**• 
( Jo> *ju c xju P-aj Ail (jLu^u |i Jij jl .AiS ,_« ^2>uIlo 1 1 C-cuiSq^ Oo /pLij ;' ilAiloq oJuji Ao-> vJ^liLo AjI.C***>I 

.iq-u) ,-0 oA^oU jb Ajq 

Eval(s)=w 1 f 1 (s)+w 2 f 2 (s)+ +w n f n (s)=X fj(s) 

,_o lj go jlont ^;*^ O jto.JJb.} ,_o /)Lo£o K L& AJqWjq C-cotSa/3 Oo ,.} ij>M Cj\^>nin"> 1_&> Tj <£Ju All O 45 



;:: J :;' : J 7 ^.;; 1 ^:> 



g(fj) = 

If 11 is will for Max, + <*. If a is win for Min, - * 

Eke 

(Possible number of rows, columns and diagonals available to Max) 

(possible number of rows, columns and diagonals available to Min) 



■■:■■■■ 


,j 






t 





■ f 
r 1 




2 







X 







X 



rfn1=6-4=2 



<«> =4-3 = 1 

:^»3 Cwwfr jjbs 

jl Oilfll^ol L> JaJ5 jq^ |ioX- /jl Loo.C-ux)l iJaC- (_£a J Co5qA>Lo A5b il v3 <a>LLi^> aJ^^o J>**^ (_£'>? °'j OiV '--**' M 
Afblq> (3^9* 0- (3^' jii .P "* °P^ ploJ (_£'>! aI^S C-m^J AiloUj .5q-J) ,_o ,j<a>uIlo (_£ju /pLoj (_£l& C-o5qA>Lo 
45 .Jloj.AiSo J9^>o JJfci j-o jL>-l (_£ju AolqS 45y1jl oJmi Oilal^il /jLoj (j'U-o 455o>J) ^_o t_jl>ol)l (_£)qb ^aS-.i^i 
( LJi 4>.A>b»5 ^-o o I) aSjj iJ-olS j_^a>oLu*> |V J iSi" ^ * XuJ 9^ isi'"*'^' C^S y> 4^U o ia^i) ,_o ploJ (_£jb C*Sq 
(_£n-> laiiS Jju /pLiJ;' ^->lj .C-ulib JJolq> ,Jb->5 4j l« (_£AL>Loq>U got) <C*3Ljki AM '/PV.Jj' gy U^5^ (J*^ ^ ' 

.AII^uA Aj Ll> <u JJq^i °^>! »lSo ^JVI*- 

x olSol ,^Ai (jijljal I; c*>ji ^p^; (^o^ ^1 aJjL) Eval(x)=n 5 ijb ^1^5 d ^p^ j^c ^j x cJl> aS" a^ ^^3 
Lj^JloJi^. Cjqlij' niq minimax ^IjjLo j%\ cj^^o ajI ^i. Co^l minimaxjlAiLo ^Ijlij ^-^^> u* 1 ^ t^ ^ £ J^-P 

AjI./^uuJO AjLi C-cotSoyo <Jj u Jja^li oib Wnii Job /pLo v^C- (_^L& C-cot9o>3.C<^)l AjLo X CJb^AJLJiu <CaI)IjJ 

.JJaAi i-a 0A00U /pbo t_£o>CLuJ> j-SLuil ^Ja>CUuJ>- 

:iq^i ^,0 oi^j jlSo minmax jt^j^SJl ^9^! c^'>! 3^ yj lS^ cj^jj ^"Pi^w^ l^5) y- "j^^ 



Quiescent ' 



v<\ 



^jljlSj ^^>lLu*> : p*L£ J^iS 



i-flj v> 45\Jl> )5.5jljJl ,_o jSjaao 4j (J>A* C-uajI ALoia^l )Lou^> UU_i> (_£'>! ^ 'J L^ )"*" l ^" U .P C-u*>l ^JuL>- 

/jijai- (Jl^-o (_£"& (j^ (>^P 4 >^ i -^i gy )""' (_£j". '-^i J^ J'*- jlj^- 4>.5l5 JJMa> |oL>ol Ij u5i> /jl Op-Vb 

.5jljJl j_o jSjaao 4> I ) 5a> »Ao 



/ 




Queen bst< 




Pawn lost 



horizon = depth bound 
of mini-max 

♦ Queen lost 

jliS (_fl ajl^SIsli- lajj^ j5 IjU aS" JJjb ^5>j cf^J jc^ (j"*-* J-!^ ytf~ ^^$> go* Jo^ <_9M> ^> .^j J-^jj^ 

,_o /jL^o 45^m> L> (VJu olio JuoLo ^y^ai i.^>iC. Oo liujaj' I ( /j5aj irt) (J^ii i_H" >**■ L$..} lS^ (_£J4-A1&5 (c* 
^y^oaj 45 j-LSoJu Lixoqj' (_£jy j_^IJCol i5 Ik ,yjb".A°5 ,_o uj J 1 1 Cj ibx^oq .yiJLi 45 C-ux)l (_£jy <-5o 5 J 4£>o.Ju&5 
0i5 \J Ocfys- 5 J 41>y <_£jb C*> i5.JJaAli jya^uil^ AJLLuJfc ,ol>ul JjlS 45 ,J>15 i> 4£-qo^>io U 5a*Ii ^-o 4I>o i C^uil 

.jJib jj ^Li <jU> o^ J*Li job max 5 min^U 



123456 789 10 11 12 




MAX 



CHANCE 



MEN 



CHANCE 



MAX 



25 24 23 22 2120 19 18 17 16 15 14 13 terminal 




Horizon Effect ' 



Uo jiiu i_fl.U'-'>c J o o jliLo ,JJ| oJuJj ^;l> jvaJL^i a vJ v& \\ 45 ,pbb A>L^>. AHjluA ,>aJUj <_£uo Ovj <_£ aAlfoj /jb£o ji'3^ 

^jJas minmax ^IjJLo bxi>l js a^-j^^.^JjIj <cc*sb ^j*^*^ tj,yS p^aa ^aj^u_ ^>^> « £•"*>! <jil l?- 1 ^ *1> v° 

Y - 

CjLo JT aJiS < illiol $s$a \\Ssba /ol .rt>^^S <JloujL>^oK (Uiol $sy> jIjJLo u jvSvJL^o r&^'y (c* lY*^ J^ ji ilJj ^3^3 
J^>Lo ^bo (^jl; j^jlUvil ija^> jIjJLo <*jlj (-Jas <_jbo <_j jL> jiminmaxjIjJLo .vlobj.j v^ ,_o ^li> ^j 1^ U> ^b 



(Expected MmiMax) jUJUJl ~ JiC ( j*T lo^JiAti ^3 J 




/= ^ />(/!) *Minimax{fl) 

chancz nodss 

3 = 0.5x4 + 0.5x2 



0(bm n m) 5 



^U c_jb'^ t ^Ia*; n <jl ^ 45\ul ^ 0(b m n m ) Expect_ minmax(x) ^j^SJI ^Uj ^/j^lo 

C-coz>l> ajI (jvaJL^i j_^Uo o>3 ^3^3 ". ^°' .c^sS ^ajLLo rt,.».^>'r a i^oJ oiUi«^l K t**,i ♦,)*,! uiliLo L> T,T,T,i 
^^Jb' U i_f^> (»^j;l \a&> LJlii^l < ijljjbi^lminniax ^j^SJI js ^y^-t ^^' oi>^V a ^ cSj> f**,Y' V*,\ 

.C^ujj jLul) ilS 4jjy laA> b JULXjI ia^i yS ^-JLJiL^- jvxJb^i yn\C-S 1 Jq i ilJJ Co i> i_jl>iol ij 



y 
Expected 



\\\ 



(j^jISj <_£j>£^»> : p*L£ J^iS 




(Oil) 



20 30 1 400 



M 



i^&mo ^Ift JLoUs :^aa JLaS 






Wumpus i*^w) * 



l& ffjJLJ 3 l& Jju>- J^a^o • 

Resolution f^j^Jf • 
v^ *3J »j^3 3 3^ *3J ft j^3 r&J^ * 



S siench ~> 



Breeze 





Breeze -** 
> 51emch > 




Breeze 






Breeze 




Bl(!!:Z<: 



START 




Breeze 



/jbj Oo i5 CjJW>- jl (_^l <i£-q<&>OD (tiob olSou Oo . C-uujl(jVD I ,t"Jb °^V.V. J^" W /_c-^-° J- ^ iJ^I s j^" 

jL> bJ5 ^jy P ') isi^^' 3 ^5^ <f° /jLo (jj^*?'" 34iol ,»^>b .jloJjb /jbj ,»b <^ /jbj i->j O <Ul&>)J& .C-u^l ,_o*ul> < 

/-**■» ^UiLujI. JuJjb LJ ^UlLujI ,La£- ij-obl" C-ua>I ,\5vo*o <D /oj (_£q5 >& 45 JuJjb 41«ib 5a>o (AoPvJ /j^>b olSob jl 

JuoljS pbxjl /c^V. tS'Srt. "J^J ,jayj KJ3 jl Jjbi^L^b- goto . J-ol ,_o CoujJo (-ooAS CjMoJ>- jl (_£joJi> CjM«j>- 

:5a^i j-o |Ob>ul yS V ia-Ji ^-o ^_>laS-l v3 ( Lolt- <^Lob o C<Jq v& .,^>b>- CjK JLo C-t>o ^tCiLm>l 

.C-u*)l 05 i5 C*3b i5 jjiuk \&mLuj la^iaj' ii^OD jl K ^£yj> 4> J->a5 ^-o .t^Jb olSob 4> 

Tell(KB.Make-PeixepT-Sentenc€(percept,t)) 

.A&5 pbxjl Jjb \j ,_L*£- 4> AlS' ,_o Jl^ (jiob olSob jl 

action <— Ask(KB,Make-Action-Query(t)) 

.AiS" ^ l^>l lj jjlq 05^ o^i-5 Tell b lj oA*o i_jbxl>l J^f- J^> U- 

Tell(KB.Make-Action-Sentence(acrioiU)) 



function KB-AGENT(|>eree|?() returns an action 
static; KB, a knowledge base 

i, a counter, initially 0, indicating time 

Tell(KB, Make-Pehcept-Sentence( percept, t)) 
actions Ask(KB, MAKE-ACTiON-QuERY(t)) 
Tell{KB, Make- ACTiON-SENTENCE(acfiort, t)) 
t<-t+l 
return action 



i_flJ uo CjoULo grWui q5;5 bxLolf- . JuJjb ,_o /PqP CJl> b .jbxJuolf- Aj A^oJi ic^* - cJ^ >! (_r^° i_r°^ 

0iL> CjL5j> Aj A>aj' (jjJj 5jb jjiljjbl i> a Jjb ^ (_^j^> 4> jUlt 5a^> ^-o ^a>uLo 7tU..i AjI j5 I^ywJli ?UXsa> 

(Jjb^ 
ie* J^ (jl <_?3J >J ^ csi^ (WJ^' 3 (_A*^ °^i^. ^jbiMLI (_J Oib /jLoli-Lj t?rU..i (jjl j5 ^jUa* Oil*! 1 . ^I**a» 

.5q-wi ^-o 65D /jb^-* o-LLS 



Knowledge Base 
Knowledge Representation 



follow 



\s&> 



(JiLlo ^Ik J^U- : (V^& J.^^ 



,ya>uii^ (rMiAo )\\S ia^Ka CjL^i>uI1^ Job J-olf" >& (_£l o n^> J v5 iblil T Jj^iS O <u )3t> /jLiA.rtj^J ij~ fj' 

:C-u*>l oj Cj 13^ <Jo jax^lq <_£bJj ;15 ii^os CjLzi>uIlo.ja^) 

jl eoU^J : - V < di>^o yi. : -^ < jJuo ojjq> b J'^ j j j^bsl: - V ♦ ♦ <ML i_jLxi;I : +V ♦♦ : u>)J£ ^^**° 

.ML> Al>ljJl 3 AIaDIj o <Ju5 ,_o ,L»£- foJfcuyuuQ laiiS yj < <U>liLo Cj iq^o ij i_xJui b WUIlipUS /j-J^ ALiAS 

/jjj x^> <<Jjv>^> <^l>b' <rt>^ l - u -> '(V^ 1 ' iSV. «"^ >^***^ 



S Stench S 




-■;.f , ;-: ,; i,-V .:".' 


^^m 


f >1>v 1 


^> 5:enci S 

";■' '.idc '" '■ 





'"'''';'■"-''■ 


S StEnch c ^ 




•;. B jS-i" ;:' 




START 


•Jjl^Je^r 





•JJS^JS^: 



.C^J ^j 3j jlSLol jji^w i_Sljjl kiiS ,^> :JLolS" OO&LwyO Jjli 

jJjIjj c5"^> l^Jta^f 5 wumpus ,<d> :U**jI 

: J3^-«l3 <_jbJj jj i-sL^S"! J-ol^3 



u^-5-^" lP^ 



\\? 



1.4 


2.4 


3,4 


4.4 


1.3 


2,3 


3.3 


4,3 


12 
OK 


22 


32 


4,2 


1.1 

El 

OK 


2.1 

OK 


3.1 


4.1 



|~T| =AgSnt 

B =BfS$z$ 

G =i&M$r, Gofcf 

OK = SafSsquarS 

P =.«? 

S = 53$tt9* 

V = tflstfitf 

W = Wampus 



1.4 


2.4 


3.4 


4.4 


1.3 


2.3 


3.3 


4.3 


1 J? 


22 
P? 


32 


42 


OK 








1.1 


21 
B 


3-1 p^ 


4.1 


V 






OK 


OK 







(b) 



[N'one,Breeze,N'imc,Nime.Nune| >JiW J J^>A J- 1 JS (v) [Ni)ne,None,\une,NGne,None| 



[X] =^iW [T7 

G - GtftSr, GoJcf 

OK =Saffisqtsr$ 

S =St&12}> 

V =' ^i//5!?' 



1.4 


2.4 


3.4 


4,4 


'**! 


2.3 


3,3 


4.3 


s 


2,2 


3,2 


42 








OK 


OK 






1.1 


2.1 B 


3.1 „ 


4,1 


V 


V 






OK 


OK 







1.4 


2.4 
P? 


3.4 


4.4 


1 .3 w 


S G 


3,3 p? 


43 










a 






'** 


2.2 


3,2 


4,2 


V 


V 






OK 


OK 






1.1 


21 B 


3.1 n 


4,1 


V 


V 






OK 


OK 







_M_ 



fb) 



j ^ ^iSji ji jlj (v> [Stench,\one.N'one.\on\(me| .ji'ujJ j *j~ «jS_>i jl jlj (till) J*'* .jS^a, ^juj >'i jj ">. s JLJ; 

[Stench, Breeie,GlLtter,N'iine,N(me| ^jJ 

rtfji >5 OiLol M*3 .ia^J isi^ L$)ir ^"^i** U J' jy ir < "VJ5^ i ! £**»>l (viJJb .jloJju (_£m-> ir -"') <j4J (- ^'. ij^''" 

,_o :Ob /jl"*J <,Ul>b jjLoJjb /jLjj a>o ,yjL*>l o CjjW>- AjI . C-u*>l CjMa> jl (_£l 4£.q^>^o ,LoLI> /t^b olSou 45 

Y 9 

LJb oo j^> I) (J4J lP "H . iO^ '" t -^£ .Atti ,-*> (j"^ 'j •^■'■"■'-^'■^ i°>^ ■ J*3*' "" b ls^^^^ ^°^ (j .J Oi •■^5**' 

9 C-uajI C^-cOjiU b C^u*>ji /iXo-o ^LJi sJb O <JXo*> y&> Ay 4*j s»o .JLLiLo a fC\ byy ^or?, *> O.AUL5 ,-0 ,jja>uiJ»o /Ovo-o 
( l>o J.U'.m.&> Ik ittLiLo <ui C-oiqA>io (_^Uvyj .iib ^5^3 (j^jL ^-Jbv t-So c£i^ ■jlo'" ;^ (J9 (t>i;ljj j-Lulo CJbv 



Logic 
Syntax * 



well form ' 



Semantic 



Model ' 



\\v 



iJiU',* (_jL& J^lf- : fiZl& J.r?^ 



IwXo.C-oul)I C-oul) ii mJXo i5 CX 4l»> 45 C<-ul)I AjI .j^objco C-oul)ICX 4Jl»> JXo IH^j^ ^o (J3q .5 ib UJ (_Cv5o5 

.JuLLj jj« ^2>uI1o I) lay ^o 4la> ,JC«^ i5b b ,JLuJ\5 p|j5 j&o A^LluA ,-^£>b i (_£u& X>CKi 

:Jb> 

ml:X=0,Y=4 m2:X=4,Y=0 

m4:X=l,Y=3 m5: X=2,Y=2 

i ili Pa^^o T Jj^o ,yuJ Aja^i j_o o5li C-toixJ X,y 4j 45 C-oul)I (_£5lA£-l ,\5iao Cjb-O J' UJXo JuOo /jjl i5 

. ia^i j_o aJ^U iJJw Oo i^j>u (_£u& "r'p ^bjo /wL>^' >; <j5vo-o l - J ~~ P' J' L -™.>^ 
.5q*o (yi 4Zfl5* CX <_J <ii<k> JAo -Uob Coujji /jl j5CX <ii<k> dS" ,_>bji 4j 

.Coib p*&\$> Jao b' 2 A n ojljf b n <j\y, :&SJ 



a=X+Y=4 
m3:X=3,Y=l 





P 


q 


Ml 


F 


F 


M2 


F 


T 


M3 


T 


F 


M4 


T 


T 



:YtjfcJ 

4xJl> j5 fijSS o5Ulu>l b a AJoS' SHuuJn p^xue UIJI 45 \j ^1 ojb'o A)A> CjM«J>- rt^&la>u CuJ AXm CjISoI ,_kl5 

.itt^i j-O OAi^ob pUlLujI CjJW>- /yj jjL^bj'll /V^> .JSZjjjJis ptk>oz> UJ j-oojj CjJW>- 
.Ju^ib C-ouj li WP J^ib C-ouj iitX 45 (JAo iA ii >51 ]aSiBaS\ C-u*>l Lj p llLu^ CX Id F D 

:a|=b 

.Cu^l b <iioj>- pI^JlCaJ a <d<k> 

C-oujl C-ouJ 1.5 LJ D <C-u*)l C-uu> i5 2L 45 /JAo jA i5 i S I laiis q k5lAi5i_oo 5u>ol 1 1 D 4la> 2L 4la> 

C-u*)l C-ouj ii LJ D <Ju^)b C-ouj ii & ij I 

C-oul)I 4X&&J & jJC«*) li i.5 D jjLul) i5 

a vJ I C-ua>I ,t"Jb olSob pJlC*^o 4ia> <_5y eo^>„<p (_c*9 ^5^ AISS daj i5 4ia> Oo /j'q^-C- 4j Jjlaj' ^-o (i^jb olSob 

.JuJjb Cu*>j5 <Cu^l Coul>j5 _K.Jj /jl j5 45 jjbibJi pUJ j5CX S\ Wi^i 

I KB <_£ I^Iao ccx^L^Jao )coujI Coujji jjjcx Cu^l Co^^i KB 45' (Ja* y» ^5 : KB f tx 



Entaiment 



u^-5-^" lP^ 



\\A 



(entailment) ^Vjilml 



j* Sijt, 



^■^jS; j JrrJ'^jr?- ^ ^- ^* jt-Hf 1 ^ 1 



AS |=a 



.jui-L ^ jj tc— I c— jj AT? jT jj jf ^ULJj *Lj jja • 

.jLiU y- 4 = x + y »jfe— x + y = 4 :Jt- • 
^iiu ^L-. ^ j (syntax) ^:>L*. jt^u j_, «5" c ; i *kiij .ijL-i • 

-Jji j* LjOJ j"J »1^)L^ 
Ij^olo 3 4>oj> jq^ola (_£l*b jl /J"-° &> Pi U"*>l ,oq&iLo v^> lSj) (_^'>J 
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.£&£ 






.> _- 


• 


1 











J J 





■ 






&£ 





• 


• 






1>S* 


• 

L ' 



















7 


■ 






E- 


B 

-*0 


■ 





J^lfr (__>ijli L> CjIa&LLo jVI.CujI oi^S" Cisbji r&^-> [2,1] 4jl> ^j ^ CuJ &$]£> c*sl>jj <_jj^> [1,1]ajL> jj J- ^ 

(_£uo 4il> jl (c5o O 45 Job j-o .Lalf- . JJo^i ,_o 4SL^>I J\.JJ dj q oJmi l*j J jo^olq (_£jb {j^'3^ ^J3"° ) J 

^l^jLo jJib juJjIjJ b jJib 4iib aJL>- &uJ fjZ*^ 4i\> V £j| jl pljS'yb. j;b jq>q aJL>- [1,2], [2,2], [3,1] 

:JuiL> ^-o C-ux) ij j^CX C-ux)l C-ixo ij JVD <u jjUJAxs pLoJ O bl 45 AiS ,_o 



Model checking 



m 



(JiLlo ^Ik J^U- : (V^& J.^^ 










KB = W'jmp us -world rules + obseivstio-s 



jjo^j.^^ ^t^ Ji^ 



■~-, 




■ 


• 






■-■"_ 


• 



KB = Wumpus-woild rules + observations 

ai = *[lj. 2] is safe", KB \^a lr proved by model checking 



t)i>(p-d\Q ^l^Ji^ 









■ 




















".J 






M 


■ 
















■': I'.. 



■rr - 



■1 




;-%i 


•1 
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t 






■ 


\ 














<*j- 






r-, 


• 




■ 


• 




1 








-- 


11 













KB = Wumpus-woHd rules + observations 
cij = "[2, 2] is safe" KB.^4, 



I) (X q ol5 ilul .jlqJuo I i JVD CjJW>- <W& 4£-q«J>03 /jW ,~o pi JlCa*>I q ^Im^l ,oq&&o Ji^o 9 >*fe '^J-^ U J (_£'>> 

.Coxil ol5 iLjl /oj i5 Ciiy^ lY^.. ^^° ^l****»>1 q ou il*JI iVl )5 ui5**' lJ^ p1U-uu>l .C^sS yaj i5 ij}^ <j'3* £ ' ^i 

JVD M CX Irtyjj^ujqj ^o ( JuLS ifyJZjs )5 iql C-ux>Ju /)"^5 °^iV. r '} ^ -^U*2 1 ^U^"*>l r&-^>. JS^JI >^i^ dj jL»jo 



4Xfl5 ?cl>d^> ^lm»x)l rt,Io jqSUl (AJL5 iqUl^p iql C^oJj I) 43b P\ jXLuj] Cjjla> JaiiS ^UIZa*>I *>!> iqSUl i_5o >5 I 
JJ iljj 5q>q d& /yjbi (j35** , <-^"^ jl ?tL>Ui> >^£- ^UlLi*>l *>!> iqSjl Oo C-u*>l i-jqiLio C-c^>q^a> i_5o C*>ui> .50*1} ,_° 

(_^L^3 45 AiS j-o <15 j-oISCla JJ^o ip iU-ui .C-ua>I ?cl>u^i ^uILuliI ^ ^.3) L -5y. J-^ (jiiLo-uii /pq i IJJ JJ&5 (-« >^ 

.AiS ijoJ il5 Coul>I ,_&ULob JJ^ (_£luco 45 CjL*£>L> ) i5q Juiib .J&Ulo JJuo 

45 /t^q ol5 )bJl <_jl>i - ^J3' l —* Mi ^ J . I) 5q^i ^-o flllluluLiI 45 ,J>JW>- 4«J& JJlql) »5 1 C-u*jl ,Ul5 ^bllLm)! .^J iqSjl Oo 
■ >*>• b 5 ib 5q>q ol5 ibJl i5 /jJ3"> bl 45 C*S i5 «;»^1 <j'y i/° i-XJl»LuujyuJ ij^jy. « Ju»> 1 ^-o Jaj 4) C*ax)I ,_kbXo 
4*J'yo jwi" ;5 .Jj ib jJkUXo U goto ibJl jviUb (_£UXJkl5ob >■'-'■■■'■■.'.-> .Jq C*ax)I i-jqJiLio C-co^>q^a> i_5o LJ /)5qj J-olj 

. 5 ib 5q>q ^y^o a ,Lol5 ^UJLLul>I 4^0 1 Oo Jql 

Oj_^ tiC XJU a j ijJrL, ^. .1T jUI ^ jju KB ™ l * 

jfl c-I^j^^ 1 'Hjj :( soundness) *^jw * 
KB K a => KB |= a. 

^l ii—1 J^lTi r ti-.i *,jj :(completeness) jj^ J^iT • 
KB |= a => KB |"j a 
r-ii-i ^jj ^ (First Order Logic) Jji *j r jki. jj :Jt» * 

.5b ^jOjptsZj 1 1 J VJua*>I i_X> /j5qj i.J.t./i /)lq-i ^-o /jl LXoJ 4j 45 C-u*>l (_£A£-lq3 4£-qA>03 tjjr?!^ 
.rt,x&5 j_o /)L£o p,(J,r, . . . 5L0J U I1L& Oill5.Juib 4LiIib C-u*>i5L> u C-ux)i5 /pjil ^'3%* ^ C**»>l i_Jj^> 4La> 



Soundness 
completeness 
Propositional 



m 



(jiiLiJLo (_jL& J^lf- : fiZl& J.r?^ 



Ai> jl i_o^o Oyp (J9 C ou^o ySj>p (_£"& b yp ^°. ^i.'p'P i_H^ 6il**> by'p -V" >° 3 g^"** ■ -^■-'■'■>-"- th py 9^ l& b y'p 

.C-oujl oJu^i | L5\J1J' j-^o JT laj'9; <_X»5 Aj o^Ll) c>yy> 

.juL5" ^ (j^SJ Ij ojljf (_yjjl ^S" c^J tjytlos- :(not,~) ^jiuflJ 
.AJL^bTrue jl jj9Ut 5 i y* aS" c*J True ^Uj kiis^ c^>l ( _jjj9lox. 9 j ^Lx. jj! : (and, A ) ( _ s ftkt <-*5 'y 
True U> a^ljS* jl ^iL. JsIa> aS" e*J True ^Uj kiisj c*J <j jJ^Uf- 5 j ^SUt j>l : (or,v) J*a3 ^-S y 

.JuuJU 

.juiL False jl Jb 5 True jl pjlo aS" oJFalse ^Uj : (=> )<_sk^ V^y 



.C-ua>I C-ouJ li 



(ta oj1 jf jIamo ^Lju ): caw Jj»a> 
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nP 


P^Q 


Pvg 


P^Q 


P#Q 


/alse 


false 


true 


false 


false 


true 


true 


false 


true 


true 


false 


true 


true 


false 


true 


false 


false 


false 


true 


false 


false 


true 


true 


false 


true 


true 


true 


true 



sentence— >Atomic sentencel Complex sentence 

Atomic sentence— >TruelfalselSymbol 

Symbol— >plqlrl... 

Complex sentence— ^-sentence l(sentence a sentence) 

I (sentence v sentence) 

I (sentence => sentence) 

I (sentence <=> sentence) 

.iaj JJfclaS- CmjJ p ^ r'P i_P lJ^')) 'l°3^ l -S_H :3 ^i ^-f"V U3"^! J"^4 C-ouJ lib jol i-3jL> ^Jo pj Oyp LXl p SO Jb 



^.^^ Ji^t, 



\xx 



jpaAu pLul)^ — JuJjU ^qj J S\ ijli-o 



^£ A 



Jli. 



le $> — > xe A 

Z^gJti W^btf (J*»3J 



p g 




/? ~g 


~ pv~q 


F F 

F T 

P ~ 
T T 


P 


T T 
T F 


T 
T 
T 


T ¥ 

T 


T 
F 


F ? 
F 


F 



If 









F T 
T F 



p 

p = Q .a*oL; 

~(pAq)=~pv~q j^ 



l)pV ? E ? vp| 

^b„l> 2 )p A 4 = 4 A PJ 

3)p v (g v r) = (p v g) v rl 

5) p v (q Ar) = (pv q)v (pv r)] 
. , ; • -6)pA(^vr) = (pA^)A(pAr)J 



p 


4 


P 


Aq 


-{p Aq) 


F 


F 




F 


T 


F 


T 




F 


T 


T 


F 




F 


T 


T 


T 




T 


F 



tf#> <£i* isjj t& 



tatulogy 



If 



\YY jJiLilo (_jL& J^lf- : fiZl& J.r?^ 



9)pA(~pvq) = pAq 
... 10) p v(~pAq) = pvq 



,- 12)~(/?A(?)=~ /?V~^rJ 

13)j!7vF = /7 14)pvT = r 15)/?aF = F \6)pAT = p ll)pv ~ p = T 
lS)pA~ p = F 19)p^q=~pvq 20)p^q=~q^~p 21) ~(p— >g) = pA~q 
22) p <-> g = (p — > g) a (g — > p) 23) ~ (/? <-> g) =~ /? <-> q = p <->- g 

[(l?->5)Ar]^|)Er^p vW 

[(- p v q) Ar\— > p =~ [(- pv^)Ar]v p = [(pA ~ q)v ~r]v p = [(pA~qv p]v ~ r 
= pv ~r=~rv/? = r— >/> 

:tco e jt jf 

n :x+4>7 xe i? 

P xy : x 2+ y= 16 *.ye« . 

:1ft J5* 

.A*oL) Cu^ji JjL) yiJ&La jl (j^iuo <_fljl <*o • (jCio> JS**' ) ( L r > 

.jjj\j Co^ji JjL; jIjJLo gojb ^Ijl 4> : ( Jut? s$»* ) 3 (^ 

.JuJjb C-u*>p JjL> jljJLo Oo (_£ljl 4> : ( (_£;L^1>L>I ia^)l (i 

VxgS, x 2 >0 Vxe«, x 2 >0 Vzec^, z 2 >0 Vxe z , x 2 -9 = => x = ±3 

3! xez,x-l = 2=> x = 3 

: (ft j^ v<*S"y 

Vx,Vy /?(x,y) Vx,3y /?(x,y) 3x,Vy /?(x, y) 3x,3y /?(x, y) 



^.^^ Ji^t, 



\\f 



(Vx, px) = 3x, ~ px 

(Vxetf ,3ye N : xy > 4) = 3xe R , Vye N:xy<4 
(\/x , x e A, — >xe)=3x,xe Aax<£ B 



(3x, px) = Vx, ~ px 



(jjl 5 AJ05? n a n a n ... n <_jlft> o^ljJ* jl ^iiU;^ ^Ijli^l i_So 1^ q cjj^> ,\jI ji i^*> ^^^s^ Q <_j ojljJ* 
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P n 



q—>r 
pvq 

~ r 

.'. p 















:^1m*m)1 <j^£ 












pAq p 


^4 












- P P 














• • 1 -.isiy, £3 } ($ - 


' ^ :^3^l (jy^i 1 -^' 












p^q 
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Aq 
■P 
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a q 
.q 


~q 




■' 


:lA>\c iJi> (0 • -~ P 


: f-lj^l jj^Jb jyls (<_J 














p^q 






P 




I • 
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q — > r 




■'■ 


PA 


q 




-U 1 .1 ~ . s . II.-.. 



q — > r 77 vg 



s — > g 



~ r -^~ 
s — >q 




~%^~ 


q 




r^> 


~P 


r s 


-^~ 


P 


q 

~{~r) 


= r 


=> 


r 
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:q 


:.~ 


P 



0> 



Inference 
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\Y& jJiLilo (_jL& J^lf- : fiZl& J.r?^ 



:i_j|q> 

r — »~ p pvq p^s 

~ p^> s ~ p -^s ~q p 

—L => — i — => i- 

~ q :.r^>s :.p :. s 

q — > r 

■•■p ^ ' ' " " '" " " 

alSol Jui (j-oj .ploJO pSy Aj iLA>l jl L> JuO k>l I) jJLouJ^o C*^olaJ' (5-oJ .jlSjJjIaJ Oa iS jj V> 

AJL-o ^^ob ^-o alSol JlO jJ j-o ai) C<jL*£> AjI jJ I .JlJj ,_o ^>I..^?C- ^jXa>] (_£lSI a JlO vJ ,_o aAJ aj Jb*) C<jL*£> 

«.JuO I i>l I ( jJLoui>ao C-ouJaS' /.Is Jjjlaj OajJ AjI obo A*£o |»b>o' ,Jo.2>o (v^-^ "^ is" 6 JiS^"" 1 ' °^ u *' '-•^'^V. 

JuLS I i>l 1 1 jJLouJa^ l wS Jjjlaj Ooii : r 

aj JbjJ C<jLoZ> /jA^ aiJ : T 

iayji ^j| >jJj £9a^ 4> ibzi> jl : C[ 

(_f A<k>l (^Isl (jA*o .yL^if- : S 
.Jja^i OiD Ajayi) ajjj u<>bo AJb^ : t 

(~pv~g)->(rAs) r^r -(pA^(rAs) 

r— >r ~f ~r ~ pv ~ s pAq 

=> => — => 

~t :.~r ~ rv ~ s :.p/\q :.p 



.AUib 4Uib <3l>LLo goto jjLuSo j_^Uo AXo <i >S I laiis a ij I ALJib j-o olol^ j J ^Jb <UioJ>- ai 



a = /? 7^ a| = y5 anJ A| = a 



Equivalence 



u^-5-^" lP^ 



\X? 



^-j* o^' 1 -^. 



;^Ju- ji jj y. jf I L& j / 1 SdlAL j, ^Ski jj ^ *L*. , ; 



- a = fiifFo|=Paudp|=a 



(trA#) = (#Att) commutativlty of A 

(ttV/3) = (/?Vm) commutativity of V 

(((* A jS} A 7) = (™ A (£ A 7)} aagciirtivity of A 

({n V^Vi) « - (d V 5 V 7)) aoociatiuity of V 

•( vO — f-t doLtblfrnfegation elimination 

(ti => $) = {—iff =S* ->aj contraposition 

(ti => #) = (-it» V /?) implication elimination 

(a w 0) = ((n => ,#) A (0 ^ aj) biconditional dirriinacteri 

-i(<*A#) :! (-ittV-'jyj dc Morgan 

->(t*V#) = (->£*■ A -■£} de Morgan 

(« A (je V 7)) = ((a A /Jj V (u A 7)} distributivity of a ovef V 

(oe V (# A 7)) = ([a V 0) a (q v 7)} distribntivrty of v orer A 



jLit i-jj u Jju «lj ji J?\ c_j (valid) j^iw *JL*. di. ■ 
CA a (A =5 B) =^> B) .A => A A v-A True :jit. - 

KB |=a iff (KB => a) is valid 

jliL »:— jj U Jju jl ^-i». jj jf I (satisfiable) A i. Jjl-p *jl*». ■& * 

A v B jit, - 

^J-L ^— .ji j!j^ -V ji jfl <i— -I ^_XL JJU» <Jly i^v * 

A a ~A ijfc, - 
KB |=a iff (KB a -a) is unsatisfinbe 



Validity 



IV 



Satisfaibility 



U 



\\v 



(JiLlo ^Ik J^U- : (V^& J.^^ 



,y> /)A*i Li>jl .o*ol CX jl (Jjw m L> AiS - ^ L=>jl 1^ CX dl»> m Jju ^>,^ AJib c^i m J.io _p oc dio^ ^?l 

^JJuJ Lii il yV^xJ' ..ia^i |°l>yl AiS ^-o \xO y I) dlo,> 45 (Jj^o (j-^V. L^'>! (j^" " l£"^ <J^"° (ji (Looli Cj iax£> dj Jjlaj' 

.Jmj C-oU d5 .iaj (_^l AiLu^o /y)v i^Ji "r'P ifa P dLa> Oo 
^JJuj Lii il CX JmJU jJAxio lui J — CX v51 Lala a i5l C-u*>l ypJ^o CX .JuuLmJb dlwla yp JOo dj /jA^o Lii J a )L^£-' • A*^> 

.JmjLj ypjui — CX y>\ Wi^ a S\ C-ux)l 

(_^l y pjj^J j' (_jl "y^T^j ij^y jilxllo (_^l>> UoaSjl AjI .*j jliSo ,_o ^bllLuL>l .5 JjJbl^l (_£uoa>Jl ijSyxa dj (tii>o |Vj O 

.ia^i ,_o Alflj j;J ^UiLui>l .vJlaS <^UUJLul>I (_£uoa5j| dj .JJayJ) ^o oilfl^m)! i_9Aib dj .jA^) 



iff 



(Modus Ponenes) 



jjuiixoi jvoL^s 



a a/5 



a a/5 
I # : and >Ja> 



ilS dj ^UlLi*>l jVJlaS .jlajuo jLolaj' ^a oJui dlflj olol^ (_£l& cSJj' I*** |°LoJ '(jy^ 9^ iji' >> 0a^£" .JulS ,-0 Ajaj' 
JaA^- /Ji v^ jl CjLS'I a ^uIIa*>I .\Jla3 ^j >L> jl CjLSI .Jua^i ^o ^y^sii dLi^O ai dj CjLSI (_£uk jpai.JjaAli A13S 

•&P ls" Ls^jy. J5t°'5 <-?^^ J^* <JJJ 'j cPjj 3^ oi' -^>^ 
.jLil JW. [i, j] *;l* jj jf iJJi j ^1 iJLiL i-jj Py jj»j ijV-1 ■ 



■'3.1 






"JLil jTjj 



w jl -J*, j?' jjj j jfi jjj ^ _j *il* ^L jj " 



/?l~Pl,l 

R 3 :j3 2l ^(P ll vp 2a vp 3>l ) 

RatPu 

Rs~fi 2 A 



'1.2 



u^-5-^" lP^ 



\YA 



:£li£j ,jJtjS Jj; jl? jt o(Jf 



:<_jla> 

,_o q AIIjmA ^IXJLLuliI .VJlqS ,jUJb ((_£jju oAULS -AJqJ' £Ju')uo vXoJlf- CjLfl> )i C-om> a>u*x»> AxUuJS <i !}> oh /)^L> 

v& dj rcuSC u IrilC i_jLuUI J-oLii l& J-^ (_£' "y'p Jyn''" O .Co^l C^ulm.} i-J CX C-oujI C-u**).} jvd 45 ,J.J^o 

JVD jjt cS'yt y.) l — *"'l J-°" .C*u>l £cl>o^> 9 J- " rt>^. jaSJI l>j 1 1 - JintclllS rt^o jaSUl C-u*jI (_^l by'y J^o-uJ 
lo.Ji'Luuun luj C-u*>l ?CL>o-£> |VJ jqSjl jjjl .C-oul>I .-foULo Uo JA^ iljjo /)«>■ AjL> j-o ioJl> eUu^oJt a Ao ^-o J^f-CXi 
.i)b ^9>9 l)^-o^ J-J 1 -* ^ ol>L)l Alilib (_^l Ojl 15 jU*^ n (_gy> CX a J\.Jj S\ XS ^-o c5j"^ °^W. 'j i°l U^*>' t ~^>.y^ 

<b l^j ijb 0(n) (jjliA^ ^j^lu ^jqSJI jjjil. Ctxib a&Io> Ij (2 ) ^jjLoJ ^ju^lu L& Jao ^1 LS »>)y. IJJ 



^u 


Be.] 


flfj 


Pl* 


^, 


Pft3 


n,! 


ITS 


Ct] 


I 1 ''.'.' ,' 
fnXm- 

_f'li:ii 


l.rtn: 


false 
fata* 

falst. 


fetae 

fatte 

1 

/li/.-i!. 


fain 

lm.i\- 


falae. 
falMtt 

1'n.l. -i 


faljsta 

(;-,t, 

false 


ftlluii 

false 
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true, 
true, 

true- 


false 
falls 

faint' 
fales 

U \u 


true 

(fttS 

tvue 


Jala* 
falx? 
faint 
fiiluc 

t\ tit. 


/ll/.'.l 

fain*' 
}al m 
fvlae- 

i.-.-ii- 


false 
false 

fai he 
true- 

It •,'! 


ft: I 1 
i'i 'i, 
fPUH 

false 
1, ■■, 


trtit 
false 

brut: 
fatjw 

It ... 


ftllst: 

ftfllfl 


1, .,. 

i'i II 
l< U! 

true 



Monotonocity 



1\ 



w\ 



(JiLlo ^Ik J^U- : (V^& J.^^ 



JjjjLauj oJdux^ gtlilm) 



■^tt- Le-L J .n ri f ^a^ — J_l' .^ J j 4d '■* J wAfl f Lw J* j Lmf ' 



function TT-ENTAILS:CAS. a) returns true or false 
symbols <r a list of the proposition symbols in KB aad a 
return TT-CHECK-ALL(^S a, symbols.. []) 

function TT-CHECK-ALL(.£S a, symbols, mode!) returns aueai false 
if EMPIY?( symbols) then 

if PL-TRUEOEK model) then return PL-TRUE{a ; model) 
else return true 
else do 

P <- FIRSTC symbol?/; rest ^ REST( Jtrnfe^) 
return TT-CHECK-A1L(£H a. rest, EXTENDI. Hue. model/) and 
IT -CHECK- ALL(KB : a, rest.. EXTEKD(P, false, model}) 



Ao ,_o Cub C-u*>l C-u*> 1.5 (J JJjLo ^1 c>y'p Ai5 C-ou dSv-ol <_£l> Aj .CoujI Jql^l i_al> /jL& o .yjluL>l o /pqi AjI oJol 
,_o AJqS' (_£Jl>A> CjI iLf- q JuLS |J i—^O J i_9JJ& .ygjiflj L> I) Ajql CjLou» i3 < iqiiLo /jjJj. Juob C~u*>\$ JJlqS' ,-«J — (J 

U L^S J li rvCSOlULlOn ^lliLi*>l /jylS .C-ux)l C-ux) li l_9A& itt> q C-u*> lib l_3JJb ,y3jLflJ Ajl olo rt,;kji*> J i_9A& Aj Jui 

.iq^i ,_o ,1*15 ^UILuliI (VJ jqSjl dj >>c-Lo <,LoIj <_£ &>£+»> aZj tgSJI j& 

.-cSLa JJjJ (j^joJ ^j^ 143^ Ij JljiJ vi^j j ^->jL*- ^i^i iJb-lj Resolution j^jls 

/j v ...vl k ,m 



l 1 v...vl._ 1 vl M v...vl k 



:ib (^ojj < J^lS" Resolution jqils <^ jlqi^. I ; a>I 5 Resolution jqils 



£, v ...vl k ,m l v ...vm n 



Z, v ... v /._, v Z,. +1 v ... v l k v m, v ... v m ._, v m . +1 v ... v m n 

.Al&i ^-o |ol>ul Ij ^blluL)l jUx- Mom P & Aj CjJW>- ^qj >> i— *iit <Jj qj 0>>t>j q qi> ^qj °>i^3 c?^ 



Resolution 



^.^^ Ji^t, 



\?> 



: n CNFf> 

pvq,pvq,pvq,pvq 



M 



M! M 2 



M: 



:jl Juo'jL^ p,q (j U> 



p q 
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(p^R) 


(p<*q) 
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F T 
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T T 
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F T 
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T 
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T 


T 
F 
F 

T 
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T T 
F F 
T T 
F F 
T T 


F 
F 
F 
F 

T 


F 
F 
F 
F 

T 



R)Ai 



Rjv [pAqA Rjv [pAqA Rjv ypAqARj 



Q = [pAqA K)v yp a q a kjv \pAqA kjv yp a q a kjv yp a q a 
Q = ypvqv R)a ypvqv R)a ypvqv R)a ypvqv R)a ypvqv Rj 



: rr DNF fjS 

..JOaJj ,-0 jL^b*- UINr 1 fotajjJ&L) Ub L-Jj.rfl.Dl> Ao> L^o^u> U K J5- V^ L_>J S\ 

m^ , m^ , m^ , m^: j c*J o^U p,q <jU 



F 
F 

T 
T 



q p-»- 



F T 

7 T 

F F 

T T 



\Jk, 



p^q = {pAq)v{pAq)v{pA q)= ^m(0,l,3) 



YJU. 
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pvq 
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T 



p v q = (p a q)v (p a <?) v(/7Ar?) = ^m(l , ?„l) 



Conjuction 
Conjuction 



n 



rr 



\r\ 



iJiU',* (_jL& J^lf- : pZaSb J.r?^ 



3 ^b oISjL 4> kiis jl (j^ jK> ji IJJ i^o ^ JL^I ,jLas v^y l?^ JW ^ ^ Resolution jyls 

. i^o ^ AZfi? CNF b ^oUc- 



h»i,i v (P u v P 2>1 )] a [-,(P U v P 2J ) v B u } 



>_ : CNF (j^jjl Cua>Jo ^Ub (j^jj 

IJuJj C*3i }$ir°9 (_£~^ P >ii J^-° ^4 



^ Mu v P u v P 2jl ] a [(S u v P u ) A (B u v ^P 2>1 )] 

s [Ml,! V P u V P 21 ) A (B M V -nP 1>2 ) A (B u V -nP 24 )] 

: Resolution p*j j^J 

.C-u*)l jJJu^J L^piI (jvd ~i CXI rt>^^ /j* /ya^^o ,JvdI = CX rt>^^ ij""^ ^^~!.' cS'y. 

.^ ^ Jj,juj CNF a> I; (KB A -| a) Ij^I 

.3^ ^ JUfrl J*ol> t-io-^S" oljLfr A> Resolution jyls (_>^ 
.ii^f ibol <jJjA> cjjLt b' i^ ^ Resolution <A*ib J»5lo (jl^Jb^iJ J^Li aS" ls ^> y& 

.ia^i ,_o A9b^>l .jl A> <Ju^)Lj A£-q<&>^o <i jl»J Cj iLf- AjI S\ 
:Jjb ,_o A^bl oj ioayti jl (c5o /j-AJj ,iiL>w b' Juol 3 /y\ 
JJbi i-aJ A>lJo I) CX AJi&> JVD <Cj ia»^> AjI li .ia^i ASL^il JJlalj AS Jmib AUiljJ ^5>9 iSr^i.^ i — J r J ^' S^ — i-flJI 

.jj*o ^ a>lJo Ij cx aLo- KB ^cjj^j jjI ji .&£ ^ ibol I; ^^i cj^L^ ^Resolution j^li i^ls" -<_> 



u^-5-^" lP^ 



\rx 



• JB=p lil O(P u vPy))A-,B lil 



-■A.v 



/r 



P : !" /i' . 



|-.fl, ,V ^:V^, |>,^ V ^fr-j, .^ ^A^ ^P.^Jy^tm ^ 




JljlJ i_So 4> /)J-^ iqA>Lo..rt >; uai (_o /nq& CjKLe- K Juib C-cJlo bJl jl ,j5o >iSlji> 45 .jIwKIJ .JiuaS L^S J 

:C-u*>l rtj-^° v>j |kv^ ^ uJ ^i Lol AajLJ t_-JL>- iZ^uj] /S^o~o C^JLo 
C-cJLo (_£UuklJ oWc UiO J jjl |OjJLo 45 Coiqj (jjLjj^) i— *0 y)p\ jJu-ujl lXj Cj iq^o 4> /jlqJ ,~o I) /JJ5^ t - J J™' >^ 
oJi^oU (V** CjIjLc <JJ ib C-cJlo J'}™ '-™ ^ UJ5^ ^->l )bf- jl Pqj .jl 4j .C^*J C^JLo ij'v^J i->o /jl /J" a 

Juib iJl>-o lS^c'J~ J^lS 45 ,-JLuco Cj iLt.JuOai CjiLt 4JJo I) /c^-° cS^fy'yi? 9 (J* 1 ' J 'j '-***' ivyi?"^^ ic° 

Ajl Jj lljj C-cJLo Jlvy '(j)5^ CjJW>- jjS- O.JJJLulI j-O ll oWln ^u^>qj <tobo ,yjbjL>l /V*o CjhbfOib pb C<Lt> 
a al> 4j q j a XpP) lS^ (**iJ5^"' J^ .^q^J <-« oJluoU "0.t.^I> (_£ufc C*jiqA>io jj'lf-jlbl l_5ob (_£bb li CjMa> Pqj 
C-cOqA>03 q Juib ,_o Ai« (_^"b i vJ 1 v3 ,LobI> laiiS /)"^b olSob 45 ia>i ,_° ,*2>3 Cjq^uL> (_£l>> i— -i&£- 4> qi bypp] 

. i ilJJ ^q>-q (s^*- ^ c£"k 

:C-ux)l oJui ai iql oj JtLo ii l&jl b JibMo .jLj^ii) L^S J q /j iqio CjKLc- 

-^4 v -iB v -iC v £) O ^aBaC=>D O 

-Av^B O A aB^ False O 

:C-ixol oJui Oi iql oj li /jl b JiLlo cSy^ ^ir y 3 iT^*' • t —V.^9'^ to jl (_^l ^q-oo 

Jit.) -iW u v W 12 -iWy v W u v false = W ul v W w => false 



.Al&i j-o |Ob>ol /j iqA CjJW>- (_^q ; laiiS K ^Ulwl ,Lo^- < i_*if- 4> q i jLo ypp) q qi> Aj q; jLo bypp] ^li) ; iqSUl 
.iqAi j_o |Ob>ol JX.JJ ojljjl i_*^aa> u iJ^> <j\-°} & UJ5^ ^J^-a> b |0|jJiIa*>I i iq^ li cSjir ft.'. a ' n '' 



Horn clause 



Define clause 



rr 



rr 



fact 



ra 



\rr 



(JiLlo ^Ik J^U- : (V^& J.^^ 



sjfc q rt^S £9 V"i ^)v { — > \f^)^ }' "V.". (-VJ if C^jJjlifcuJ ,_o ,j.Luul« jVD jl C[ JJjLo (_£l byy rtr^S Cob d5\JL>l j_^l>> 



LAM => P 
A aB => L 




* B 




/■I* /~l' A 






rv 



^JLoj ^jj J^>ilu . v^> b iq^li j-o ijl^o UJ5^ CjMa> /V^b °^V.V. ^-^V C[ byy ly^ji "J -^5 ,~o /tea*" ¥-> ^i 9) 
/.I ji oJui iob>ol j_^L& ^uIIa*>I Ikjj C-uxil ?c^>lu3 rt^iqSUl i_5y rL.Cu»)l ir 2 ^ '9^ ^ 9) J"* 1 °>i-?-'j t**iJ9^' 

Ij (-aJI C)3la> flloJ I oj Co^l jUIj <Y)9^ P)$ "*-J JVD ji ql> Aj qj jLo ^^-^j • Cu*>l £;'£>' (j^ J l£^>0 



Forward chaining 



Data-driven 



rr 



rv 



u^-5-^" lP^ 



\rt 



■JuuuuJb Cub a 

:(BC)%^*jjjt*Oj*»j 

l_s^°. c£"k i -!^ ploJ J»5 Cob /jlj^! S\ Juob C[ Ik /jl (Ju 45 Job ,_o -jiob olXiLi jj Ij ,i »^i} Cjj1a> <rt^uja5\JI <So 

...9 : JJ,L.i.i.&>bxS (t>iL& -™^ •1***^ V'5^ M. . cSJi^ ^*" ^4 U5*^ i_r^° (5^."^ ty^y. ^i j^V. (_£'>! Ls**i £-*^y 
)aS& i_Jit 4> ji jLjlI t>ypp] ,j9> Coujl /J 3 ^ "^dS* j' >^oJ JVD ojlJJl i—^ju^- o rt^J jaSJI /oj 4JL> L& i_Ji£.| .C-uajIj^Lo 

.Ju5 j-o J ia> y \s^iy> /L}\S£>- b 




Backward chaining 



XA 



:FC f BC ( jtf3j3d4M^lAo 

4> 45 rt>^&^ pk>ol I) c^l**"? c?"^ »I5 Cu*>l aS^o^o rC ji Cu*>l i_9A& ^ll^o >> JjU .Ja. CujI oib j_^Uj-o >> rC 

is* ■t''-' ^yiiXa |LJ^ ,V.o.&> 4> a ^aJLoo i <a>o <(_9JJb L> Lio^o .ijjli^ L> laiiS JjL O .Ja Jaw /j°-> Wv« L-9A& 

.A&i ,j*j loiut I ( O^a^o i )'a^ (J9*' ■^**>u J\.Jj (_£ ojljjl C-u^J /J a> jl >*&i J~**i JJly 

<Uaib /ja> ia-J) ,_o oiUI^il al> 4> a ) ^UUJLuliI jl < y ojlm) (_£u& Jl vSiol 4j 4j j>J 0\\ jl (Cyy JlvSiol (_£ui ^I^ux^l li 

.C-u*>l C-ob a ,y2>uilo <Ajjli-l 

i_9 >b jl Ik /jl l-)Lt.iI'J| ial5 IS /ja>- .ia/i) a^la.V.^,»l i_J*£- Aj a; J Vju^il jl C-ixol >^ V.^"^ CjLS'I ilS ia> (_£u& ^y ji 

.Jmib ibj ;L^"-> AJlaj' ,_o |OjJLo 

/jl jl 45 r&i)l^ jbj vi*> l£>!J^ . U5?' ^5^ i/° OiuLuu>l (_*&£• 4> a; ^GUJLul>I jl iS^jjj ^a^pKjZS (_£ui foLuj^ui O 

. i JjG j-Loto i_9JJfc 45 I >> ia/Ii fliilflLujI al> 4> a j jLo vL>uj jl Coxil v^> L^"l /jLoA^- (_£uk njlu^^i (_0>> 
4j a> jLl> ypP) 9 ^>i^ 15- Jv^ 0ilflLuL>l ^ja^o A yS5 a ^>]jL> i^JySLZ^j^ ji al> 4) a i jlm> XpP) At^>j\> ;ab 4j 

•^ yS ,_o <l)3 fl^lflLujI ^;a-o ^j^iL^uIlJ'ii i—Jif- 

:FC - 

(data driven) .jb ^n.. ^ - 

EC • 

(goal driven) Jjs ^l_- __ : - 

. -L^L xvJli »J''J«' 4* ^1 _ : .-id^- jl _f^g-< jl ■ ■• J*J''jJ ^h> J3v_ ^ t -^. - — 



J jf 4*4 jA jlaJyo tpyi^fo JLoS 



S (FOL) J$f AJj* Jjki* lji> • 



FOL j! &£l&»> b <U^joJ <Uoli o^> i^s j*o * 



person 



on head 



person 
Etli 




i S &<) 'unn ipy^> iTA 

jl ( lfl^u^ 3tal5 ^USJUti] q XSjMjth \p*-° 1S0AS0 jl ^UHul)I q (j^>b (jl )^ AS C-u*jI iJuio&i Oqw Oo Ub byS 13L2JL0 

. c-u*)l Aiob 

i ib \\j3 /S^o*o ^L&LJi a CjM«j>- /yj ptk>o^> 4ii>K Oo Aju y /J (_£luco I oj C-u*>l jJMtl /jL>j lXj lib by'p .qlaJLo. 

^Ub ^-^ y jl oiliiujl L> ,j>j> CjI^MLI /p^ ojbl i_^\y ^£ (jLu Cj^as ^Ijta l& °jlj^ jjU;^ i,vl ^> oqMfr . 
Oo li . JuJjb j-o A^&o (Ui>b jjLoJjb (_^bJL>j ii as C-u*>I uj J c*Jl>Is <(_£l oyp ^yn'in (_£^ ip'p.$ y PvP u^ 

• t -"- u/ ->' (jl L^'y? - ' c£"- Jt ' j' ic*^ AJlo> Oo (_£Ujio (jtP JT /juj 

. C-oujI A^-o A> AXxxolq CjJW>- (_£Ujw Aj iJl^As (_^U->L>j i-3j4> o < C-u*>I <j^o jl | Ul*x^o luto i^j] Oyp /ryn'tn O 

(_^iqA>to ;L*^> /jLo Cj iA3 a C-u/l>I rt)-^- V^ 3 lq^>w jl AsiL±>ua AS C-u/l>I jjjltr^^J J (_£Ujto (_£nb ^J\ byp .qLiLo 

. i <b ,)^>b jiioUJ li 

(FOL) J 3 f 4Jj* ^Jko) 

aJul AS ijL^> (Cp'bqJ ijiaJLo < Ub & y'p jl^'" .yjLjjl o JJblq> ^-o Jo A3 0J0 K Ub byp .qiaJLo ^jL*)l tjjlol^ AjI 
j-o A>qj> jjt^i? (J4J 5^-' ^i LS^S ' "^^ Lf° S J "-^?'' U ^J^lb^il jl q 2>y& j-o ^t^jb lS^c'.} J' 'j Lp J • (_£"k 

: CoJib jtj^lji- Ij ^ij ^yy° o J^ fr!?5 

Aj Ojujj A^^Zj jjLo^ll t^Jy+S^J jl Lji . AUiU ^-O eLo^>l j_^ OjuLfbi (jL^ ^3 JuLuul&> Lib rtfMj] i yt>U£- jl /c^M • f'***'' 

...q Ubj0y.u5 £ ilA£-l i Ub lS*>j t\^° < AJq-wi ^-o jj L0X0 vSoASj jl /jL^Lu^q.^V ia-w>qj* 
^qj Aii)lj Ait, . AJUbi ^o ^ioLoJ \j eLo^il A^ Alijlj A5 JuLuuJh /J 1 * 9 CjljLfr U Lib ^1*3 < vSj^ j*ijLLfc : ub £ « a j'j 

... q ilAf-l Pqj jl eLoi^l (_^l>> /j^V Ay ' (j^5^ 

: U 4sot j ^tjit 

prim(5) ^LC ^U aLJj 
brother (richard , jack) ^by aLuI ; 

:A;oLS (i^a^ullo I) ^-jlqj' q Lijlq; 'Lo^>l <oJu^) Oib CjJW>- (_£l>> • Jl** 

One plus two equals three 

(Aj^ ol oqi OyAxJ lXi 

(*Lil) Object : one , two , three 

First Order Logic 
Object r 
Relation 



(a1suI ; ) Relation : equals 
(£>b) Function : plus 
Square niegboring the wampus smelly 

(pLil) Object : square , wampus 
(aLuI ; ) Relation : niegboring 
(^b) Function: smelly 

Pq^Lo q.5 /jjl IjJol C-ua>I v^V> AJi >!^-rt>i^ ,-» jjjjo .j^ILJj Cjl^JUi- q jj^lU^) ,JC*x<J& oljJuO qi jl 1 1 ^qJaJLo P-lqjl 

.AJq^> ^j^ 

jJLlii> JuLS ,_o (t^vS (_^l by'p .jlo'" J'*- <j'3^ E ' ^ • ^^ 15 lJ fi (AlLu^o) CJLfl> i_So ^19* O U .3 Oi <il "?-'' 
/yo iijlq; q *b-Jjl J- "*' bb ^ "^^ if lY* fi Js ^ Y" ij^'" • AJL&JJ b JJj&Jo ^1 C-ua>I /yXo*o Aj JJib 3q>q 
A> . i ib (_CvC*ILo ^j^U^i 'ii^Jh iqlaJLo ,t^>l> (_^L& ^qJalo . Ju^jLJ u JuJjb ;l>9>; t& Akt>h /jjl C-oujl /yXo-o AS C-uA>b->1 

. AftO ^ £j (j^U- (J U^Uj ji (3iia> AS" A^" ^ (ji.^9 ^^o (jklo Jbu> jl^C 

^^^^^^m ^^ ^^^^^^ 

.qLiLo q ^1 by'p .9L2JL0 <i . AlS ^jO (t^vS CJlav l5o i iq^ li .qlaJLo A5 ,j*2jb /S*m~o Cj Vl> (-00 jhuliIL^ C^ju&!> 
t^jdaj b JJlJo C-ouJ iit> b C-u*> ji Ij C*il^fl> .jl Jjlqj' j_o ,Ub- a AlS ,_o ^>loJjb K C-JLfl> Oo ALa> t& Jql Ao^o 
Jlol^-I Aj ; vliJ jl AS j-oJC^^ouJ . Sj yS ,_o Jaj <i 1 1 CJl> A^> AJua> y$> ^)9* P .9L2JL0 qi /jjl i/jjl olL> . JuJjb ALJiljJ 
A>ji <_jj^ (ilalo ji lilc- . JuLS" ^ ^jo i_So b' ^L^ jl AS" i^J* (_o ^Jaj ji Ij iblCfrl jl ,_jl A>ji AlS" ^,0 oiliLujI 
Cjqlalo (_^jb i^JaJLo <i ^Lu}\5 jl j_£l A> li b jJLaI>l JjWl^ li iliiZf-l jl ^J\ A> li . JJjbi ^-o /jLSo M (JC**> li jl (_^l 



Ontology 
Epistemology 



^2-^1* <jia> 



\t* 



Lugnagc 


Outology 


Epfctemology 


PropojLdoaal Losic 


fa;" 


trae/'falw-unkuQwu 


First Order Logic 


faces, objects, relation 1 : 


true/fahe-'imkuowii 


Temporal Logic 


faces, objects, relatione, times 


tiue/Talw/unknown 


Probability theorr 


faces 


degree of beliefs [0. 1] 


Fuzzy loeic 

1 


degree of truth e[0. 1] 




known interval, value 

i 1 



SJ3 ~ 



(c^OkO»- kiSo 4) («>1j J-olc OliUicI) 



^ — uj L^yj .^JuyyAw 



(c*»»l Ol^? - J* "^^J 



Jl>3 



>e-Xw»l) / 



( _y2=»=-~« 



pU/ 



Ji 1 ^ 



l& ojljf J^aia 



t _y2^»=-*~ a 



15/ 



pU/C— j* 



Jajljj / e-LJil / Jjj Lto- 



FOL 



-23>e-^>U / C-^jiLi / C~**>J.i 



Ow j / JilljJ / *Lil / Jjj Lto- 



^3* J^aio 



[* j\ ] ^j Obli^-I jl fj\ As^ji 



li\jti>- 



Ui 



(JUu^-l *ij& 



J^JW ^1 <(JUs>lfl Ji 






^jlS^kio 



bJl jj^)IL«^) C^sua> a ^ujILJj iJLu^it Cj\SXxj a ,-o^> j L^^^J ^i ^V.y Ji*^" 

: J3I 4*5j* jliUo ^U JjU) 

AJLob . ALJib ,_o bJl /jLoo Lulq j a «Lo^>' J- "^ LwJuo< CJi^i- ii .AlLu^Jb *Lo"->l c£')'^ "* J-^'Js < ^>° .9L2JL0 <i 

jl (J-J^O .Jia^i ^O Oj^oU AJLob l*5Ut «Lo^'' L)i J ^5^3 J"^° U J^ C-Uujl ,_>loJjl jl (_£l 4f-0A>LO <|JA* Oo 

I jl AIJjLlC- (lA^ /Vl O iq>a^a sL-uil . ijb ^tc^> W oj (15^ .JJua .Juj5 ,-0 0A&LL0 oj .15^ O h Mai 4aJ^o .aLaJLo 

a iijla j jl /pl-^ Aja-oo . C-u*>l rt,A L> Jay yo eLo^il jl /pl-k /_ei"^ L **' j' (_£' ^f-a-o^o ALijK . AUib ALJib L>Li'il iSoASo 

:Juj5 ,-0 oA&Uu»o oj O K (JJua /ol ji ia>-a^ ?-^$> 



\f\ 



Jql <^Jyo ^nr?* n : ^I^ijb ,1'^ 




((jjil^ aLuI ; ) Brother : { <Richard , john> 5 <John , Richard>} 
(gb j^ ^ jj 4J ; ) On head : {<Crown , Khing John>} 

Brother (John , Richard) 

Brother (Richard John) 

On-head (Crown , Khing John) 

Person (John) 

Person(Richard) 

King (John) 

King (Richard) 

Be-crown (Crown) 

Left_leg_of(John) 

Left_leg_of(Richard) 

Length(Left_leg_of(John)) 

(John , Richard Jio) . jj 5j ^ ^15" & sLil <^ o^Lol <_j1^j : cob <_jU> J^o 
(Brother , Person , King Jto) jjlao ^ jLj l ; U> aLoIj : al^ <jU> J«^ 



(Left_leg_of Ji«) . Also ^ jLj 1^ £>\y : ^A> (jU. J^o-^ 

. 5jljj 5q>9 0^"°"° 

Sentence -> AtomicSenteace 

Senteoce Connective Sentence 
Quantifier Variable, . . . Sentence 
~ Sentence 
( Sentence ) 

AtomicSenteace -> Predicate^Terni. . . .) I Tenn = Term 

Term -> Functk>n(Term. . . .) 
Conscaoc 
| Variable 

Connective -> => I A | V | <^> 
Quantifier -> V I 3 
Constant -> A Xj | John | . . . 
Variable -> a | x | . . . 
Predicate -> Before | HasColor | . . . 
Function -> MotlieiOf LeftLegOf 

: Term 

.jja^> ^ £ a ^ i_?jjj <-9$>>- L 45" ( A , B , John , . . . Ji*>) : U Cutf 
. jja^o ,y> £q^> i-So-^S" <^$y> L> aS" (a , x , b , ... ^Jjto) : l& ♦***« 

JuL> Aj y\ ii.C-u^l r i 1 4ii>l i <_So ,j>9 v> /Jq C-u*>l «(j^i i-X> <£->u i-So /j^-3>>- ^j -^^4 ^**i'i >bl> <*o 1 1 <Oo 

.C-uu.il oJuJj iLjjl £->lqJ' j' <*L>q«J 

Brother (John), Length (Left_Leg_of(John)), Plus(2,3) 

.Juol j-o C-uujO 4> Ovj^oJI Cjjla> i JuLLS j-o <UjI lijla \ 4> 45 l& ALuu_o q JuLo ,_o <Ljj| eL^il 4j 45 l& f>y >~^S y L> 
/jl 4>lJo q .ULuuJh J-^'y. il*'W (si"k |i> vi L> oK«J& ( <i J L o-?' ,)ji9)ALuj-o J- "^ ^5 AHj ^-o /1L0 n ^JLU^ 1— 5s_^oJTI CjM«j>- 

Brother (John , Richard) 

Morried [ Father(Richard) , Mother(John) ] 



Brother [ John , Brother(John) ] 

Larg_than [Length(Left_Leg_Of(John)), Length(Left_Leg_Of(Richard)) ] 

:\\ JuO \\jS- jjilaJLo lijla j . C*>Lul> <_£ >J' oAj>lo Cjjla> /Jy ^-o oWl^ bi>lo i 9 <->^oJ'l CjJW>- i_-cO JT b 
.C-u*)l oAJj a \LX>\ oAj>lo CjM*> jl AJ^oJ Al> <Ji> oj <i . ^=^,~ , =^>, V, A 

Brother(John , Richard) a Brother(Richard , John) 
King (Richard) v king (John) 
~ King (Richard) — > King (John) 
01der(John , 30) -> ~Younger(John , 30) 
~ Brother(John , peter) 

i >5 .jloJjb 1 1 eb-Jjl jl /c^H V. ^*^ c^ => 5^" Jt Lf° '^V' i°" J' OilflLujI b eLoJjl ,ji ilo-ui (_£bv 4> Jql 4jjy> ■ jr?!^ O 
i^ul) a (_^ia>o J^**-' L^^-°" ^i i iIJJILujI \a*J q$ L^M JS' ^> y° .9L2I0 . C-u*>l >jAj .ju^l Ik \<yji jl 0iUl«*)l b ys\ AjI . 
/jLo I ( «b^)l jl jJo^uSUj iy?\q> i l&Jl pb (3i vi^ jl *>***) I ,yJ ;lo-ui <_£bv dj b' AJLLS ,_° i_XoO bi ia^> . JuJjb ,_o ^oo^E. 

jJLliI <Jl> ilS ajI |-oi»f J?**' j' oilflLu>l b Jol 4j3y> 13L2JL0 <i Jo C-u*>l iloyJii bo oy'p /y^' n & <J5 iln^'9^ uWl 

V V yJ^o 7> <C <iJLoJ>- ^* I Jjq-wi (^ L_&> 009 oqj ,p^ui ^^1^2^ ,-oq^C- (_£ubjq-u> 

(aj^& jj^oi jULiib <wk) : Vx , King (x) => person(x) Jbu> 
Jxo 4iob ^L*. U k aS" c*u»l P(kl) n p(k2) n. . .p(kn) <d»> J^bw Ja* i_£> p aL> ^1 : Vx , P(x) 

. Co*)l C-oul) ii X «(c^ >& cS'y. P ^" ls° U ~ C-u*>l jjfllaJLo Cj ibf- lXi P(XJ .jl li 9 AlLuuJh 

King (John) => Person (John) 

King (Richard) => Person (Richard) 

King (Left_Leg_Of(John)) => Person (Left_Leg_Of(John)) 

King (Left_Leg_Of(k)) => Person (Left_Leg_Of(R)) 

King (Crown) => Person (Crown) 

/jojj i AJjb C-u*^iib pjJLo i5 I ,J*xJ, pAiLo P-bLol (P91 jl o.ib&UL>l b) . C-oul)I (?tk>o-£>l 1 ,393 CjJW>- pIoJ /cibxJ iy>)y 



Quantifier 

y 
Universial Quantifier 



V (Variables') (Sentence) 

Everyone at the class is smart 

Vi c7f(.T 7 Class) => S?n a } 'f(x) 

. j^T ^ ^ . jl. Sentence 

atf^KingJohrt^ Class) => Sjnart^JZnigJ&hri) 
a. at(Ric}iard , Class'} => Smart (.Richard) 
s\ ar(,Class, Class) => Swarf (Class) 
.■. 

• "^^ (_f° ijW C W^' J' iV^V 
J < vot^o > < <Ua> > I JjqJ) ,_o LJ!JyxJaya\ ,15^ J^liio (_£,5q>q ^L& <a^> 

Jlio : Bx , Crown(x) a On Head(x , John) 
. e*J p(kl) v p(k2) v ...p(kn) Ju^s 

3 {Variables} (Sentence) 

Someone at class is smart 

Ex at(x T class) A Smart(x) 

.j^ ^« — l Sentence 

at^KingJohm , Class) /\ Smart (King John) 
v at( Richard , Class) s\ Smarr(Richa?'d) 
v at(Class , Class) a. Sniart{Class) 

i .axj ii>K < j_^ia>q ^5*^ J' ft^"^*l )^ 9 (Jsyui S-*~ P' OilflLujI ^ 19-0 la>l ) < ^jaat J^^ J' 0.}lflLiA>l P A^)i ,-o Jij <t> 

Vx , King(x) => Person(x) : c*J jj^x^ <_SL> ol&l c^>l oL^iL ^^ yn 

Vx , King(x) a Person(x) : jc^a oLiib il^l <wa (^ ^^^1) 

3x , King(x) a Person(x) : c*J oUiL a5" LS ^kJj sp i^> 5 

Existential Quantifier 



3x , King(x) => Person(x) : i# a&I^s- u ^kJ> a&>), ^biob juib 4iib i^ ^(ti**^ c_si^') 

(\$r /fa ma n (x) i=^' Mo rto /(x) 
■ Sister(x, Spot\/\^'af{x) 



i^J W - * II I" 1 ■ 



Vx at{x, Class) A 5mfl/'f(x) 



; jiJ 4l -^ L .J 



rx af(x r Class) => Smarf(x) 

J^lS jwijSJ.J^O ,_>loJjb Jql 4J wo JjUlo PjS ji Jui Ojbil .jl 4) "Yb ji <D ^1 <C5o <Jj 4>aJ' b Ij y)J CjMaS-IjILo 

( .JuJjb X /j^V C-u*>)iL> i-SytjO C[(XJq X/Oy ilAaLuLiLouL) i_9 jjoo p(X) 45 

3x , p(x) a q(x) : a^uA c^ib jKJ-ui^Lo ^^ 
Vx , p (xj — i> — q(.x) '■ c *^^J c-ux) iiU (_£ iIAoJ^La*> gtJo 

3X , p(XJ A — C[(.X) i JSlUu^J tZ^uj iiU /jl iIAoJCa*)La*> .-ol&j 

Vx , p (x) => q(x) : a^jd c^jib jIjIj^i^L^ ^Uj 

■ llio <JL).A.i.V.'.i.i.ft> Py Oo jl L& ia^i><CJl> /V >J' O^Lul) li .rt^ijL^) {_£ y eJt£>OJ CjJW>- rt^ly /j- )3»*> J 1 **" j' 0.}u£»*>l b 

.JuJj 4>y" o j (_£uo 

Vx Vy Brother(x , y) => Sibling (x , y) 
Vx,y Sibling (x , y) <-> Sibling (y , x) 
( jiy il^ : Sibling ) 

y lioj' (_£U& sy*> S\ (Jq.iilJJ <UoJ>- (_£Ujio <i (CyJu lie jyo ,_>b>ol> JuLu^Jb f-qj i_So jl L& jy*> <j$> 'i_55^ 4JioJ>- qi li 

.CLSS JJMa> <l)3 v^'b' C-t>o l& iy*> ^>l>ol> b 4la> j_^Loto ALJib CjaUiLo iSoASob 

Vx By ^ By Vx 

3x By = By 3x 

Vx Vy = Vy Vx 

3x Vy Loves(x , y) : ijb c^^ \ } jj^bx^l <w& aS" a^b iq>q jj^xJi <_So JsIa> 

Vy 3x Loves(x , y) : jjjb c^ 5 i I; jij (_SL> Jilj^^l^sl <ua> 



a 

nested quantifiers 



Vxg IN , By€/Z,x+y=0 T 
Bye/Z, Vxg /TV , x+y=0 F 

~(3x p) = Vx,~p ~(Vx p) = 3x,~p 

3x p = ~Vx , ~p Vx p = ~3x , ~p 

Vx Likes(x , Icecream) : x>p c^^ \ ) j^j. <il^sl <w» 

~ Bx , ~ Likes(x , Icecream) : sJjl al^Ijj c^a j^-^> *£ ^^ ijljj a^ 

3x Likes(x , Broccoli) : jj>b c^ 5 i ^JS" Jf aS" jj^b a^ ^al^sl 

~Vx ~Likes(x , Broccoli) : -Lib <n£>laj c~-ja J^" Js" 4S" c~~J ^^S" ^a 

-<V;tP) = ax-p 

-,(3xP) = V.r-P 

VxP s -3x-nP 

V.\" £/Aes(jr, IceCream) —3x -^Likes(x, IceCream) 

3x Likes (x, Broccoli) — , Va _ —Likes (x, Broccoli) 

\\ rt^laloo Lo . i«b ^5^3 >^> iSJ^ J .p 6 M 'ij^l CjMa> AI>Lul> (_£i>> L&JuLu^o ^yS \\S Aj \\ yS- Aj Aq] Ajj'ys .jloln O 

peter aS ^U^ L jj5" ^ o ; U Ji <b Father(John) aS" (jU^ < Father ( John) = peter *L> ; a Jb> 

. iS oiULuL>l e^j^i «a U^5^ (_^9"xi^ o Ao u j_^l>> ^jA'Qi J^o-ul) u ol >a& (j'y if ' = i^-*- ^^ j'« AiiXoA 

3x,y Brother(x , Richard) a Brother(y , Richard) a ~(x=y) 

ijb jil^j ji (Jsl-^ ijl^jij 

: Jj1 <w'y> ^uo jd lb o^ ji i tbUdt 

. prt>.£ ig" *5i lj |iM4> (V^>- • Ajj^o ^ diL^>l (viob olSjb i; Tell j\ os\sumj\ b dM<k> 

Tell (KB , King(John) ) 

equality 
assertion 



Tell (KB , Vx King(x) =^> Person(x) ) 

jl ASK la^qj' <u jJT Vla^) . ia^i ,_o oA^o CjMa> jJC^iii ^J5* .P jiib olSob jl /J Vlq^ ASK jl 0ilflLuL>l L> 

Ask(KB , King(Richard) ) 
Ask(KB , Person(John) ) 

Male , Female : ^ISL. 4J; 
Parent , Husband , Married , Brother : J>^^ <*iJ ; 

Father , mother : ^b 

iJ^Lo 3 4>qj' (_£jJqLL>q> AJLob li oj CjJW>- <&j 

V m,c Mother(c) <=> Female (m) a Parent(m,c) 

. Co^l ,ya>ui .jl C-Jq^ jjlq i^a2>oZ> yb> i^Lo 

V w,h Husband(h,w) <=> Male(h) a Spouse (h,w) 

Vx Male(x) <^ -Female (x) 

. JJ^LAlo (_^ub AaJ^o <*P^ C-^->9-o 9 >5 Juo 

V p,c Parent(p,c) <=> Child(c,p) 

.JJ ib .yjqSoco Aii>l i Jj J vS q /jj jjlq 

V g,c Grandparent(g,c) <=> Bp parent(g,p) a parent(p,c) 

. C-u*>l i \B /jl Jjlq Jjlq < i j3 jjfc OioiJu U O i L> Olo 

V x,y Sibling(x,y) <=> Bp parent(p,x) a parent(p,y) a (x^y) 

: 1ft 4C £o£u> 4Jyob 

^1 C IjZ , XG o I ^pqiqi AJLu^o 

( :dj L> C*^& 4£-q<&>^o Jjoj (-o q ■ivjJ if" ') '— V.^5^5^ t -^i) >jet(SJ : ,->15o ALu^o 

SI u S2 < SI n S2 : ^^^ £>)$> 

S 4) X J^jsl jl J^l> 4frqxy>^ : {x | s} 

Query ,r 

Goal ,r 

Sibling ,f 



VS1.S2 SlcS2 <=> (Vx xeSl->xeS2) 

VS1.S2 (S1 = S2) <=> (SlcS2 a S2 c SI) 

.JlJju (Cooi Af-q«J>05 o J .oljo jjfc S\ kxiS q S] MZjjjJd (_£qbu^o £&q>Lo gi 

Vx,Sl,S2 xe(SlnS2) <=> (xgSI a xeS2) 
Vx,Sl,S2 xg(S1uS2) <=> (xeSlvxeS2) 
VS,Set(s) <=> (S={})v(3x,S2 Set(s2) a (s= {x | s2} ) ) 

Vx,S xgS <=> S={x|S} 

*M^3 (Jtd^ej (jgWXwrf) 

<u ,JL>lii>- plqjl q AlS i-Oy^qJ' Co*>l ^yiyLuii .bis /)^ °^V.V. (_£'>! 45 I i Uk .U^m) u jl <_£l ojb Job ,t^>b .yjAJL^o 

.JjLoo (V^*J' I j AJ <b 5q>q /V'bi- 4JlLu^o <_5y <_£!>> 

4k$>j* ,j*t31 id ^5j jT £*> 

oiUlujI CjU-ML>I ^I^>c1ujI (_^l>> o>t*- il>3l jl u Jmib 0u> (j^>b>- ^1 ojq> u AJLob ji Cu^l A^U-o (jiob jyjJuL^o 

1 o 

<U>^o /ijl ojjl q iq^Ji ^»j ^Loojb ,-a^J) syo A> ,)^>b <U>^o /jjl ji .iq*i ^^o oj^b /)^>b i_*^»5 AjI j3 AjI.JuS 

.Co*)l JuLS j-o <15 AJqSo*- AJLob ASs-oI OiJ q ,)^>b olSob OJq> t_i ii 

Aj b Lo^il AJioujq A) Jjb ub AJbv bl Jblo /jlq^C- A> .^giaJLo gTlo.ii <i ^olujl Aj AJLob gtWn' li rt^V ft^i^l^ '^ M -^y ic^V. 

Jjq^i jjLoJjb (->15o (_^biAl^^o Aloujq 

4**l id id jyb j*d ^g*^** ^MJ1*d ^jl Jcf Jk5" 

.Ju^> JuL&lq> jya^ullo l& * JT ^bjio uJJ (V-^ -JuluO alj K <^Lob ajlq j_^bi P JT pLaJ' A> ta^iya Ay^>\ Ajb ^Ulib jyjJuL^o 



Knowledge Engineering 
Knowledge acquisition 



\r\ 



Jo! &jj ys jiLa-Lo : rtJ^wJb tU-^ 



^?L> 4LmmO 4J^cO t& UU*2^ £)Sj&J$ 



.JUmLuaA 



^b oiSAi ^ to j Jl£*1 

ijj'ij JlS^Jil JjL> d5 C—Jib JJMq>o ^9>9 l& iyi jb v>. jl ic-^H S J '3-?' °^>' J^>L^> />^b alSou <_So ii li^' i -5y. >5I 















. ~~* id5u aJLLL5- 


.*^ lta= !~ 


'•— 




I *ft>> 4. 1^-v 


CI 










— aP^ 




#^" 


1 — Pi 














* 1*0 — 






ks> — 
















i-^ 





k^JjISJ) (jtibjli-o ciiah 



4Lbj ^lui [J u! 

(AND = OR, XOR, NOT) u. i_f ^i tu i-f j u —. ^-Ty - 

U ^_? «^-J "iSlj ; j£i L.JIOSI ;^j;j*U ji-ila - 
Type(X L )=XOR 



Type(X. : XQR) 
XOR(X,) 



-Vt la tj Connected^], t,) =^ Signal^) = Signalfk) 
-Vt Signal(t) = 1 v Signal(t) = 

-1#0 

-Vt l5 t, Conu£cted{t Tl tj) =£ Connected^, t x ) 

-Vg Typefg) = OR => Signal(Out(l,g» = 1 
<=> 3n Signal(In(irg)) = 1 

-Vg Type(g) = AKD => Signal(Out{l = g)) = 
<=> 3n Signal(In(u_g)) = 

-Vg Type(g) = N.Sa^Ai«o3fc-znSgnalCOut(Lg» = i 
O Signal(In(Lg)) ^ SignaT(In(2,g)) 

TypeCX : ) = XOR. Type{X 3 ) = XOR 

Iype(A L ) = AKD Tvpe<A 3 ) = AND 

Type<O 1 ) = 0R. 

C o^eo:«di;Out{l .X L ).Iu( :X : )) ComiectedC^l.C^JiiClXi)) 

CoQDecced(Out(l.X L ).rnQ : A 2 » CouuifictedOnCl.C^.Ii^LAOJ 

Coaaecsd(Out.Il.A,).Iu(l : Oj» Comected(Iii{2 ! C]XlQ(2.X 1 )) 

Coaaecsd(Ouc<LA L ).In{2 : : )) Coiniected<m(2:C ] ),Ia(2,Ai}) 

CoQnecoed(Out(lX 2 ).OutOA)) Coiuiected<Iii{3,C]),In(2.X :! )) 

CoQDecced(Chit<1.0 l ).Out<2,C 1 )) Conuected<Lii{3 > C ] ),lD.(UA : )) 



3i]J 3 ,ij,0], 0i Signal(In(l.C L )) = ij a SLgnal(Ih(2 .C )) = i, a 
SLgaal(Io(3.C : )) =ij a Sipial{Out(l,Ci)) = ° l a Sigaal(0ut(2.C : )) =0, 



Ei-.i,,i 3 SigcalCIiaCUC^) = i t a SigualCbiQA)) = i, a SigjialCEnQ.C])) = i ; a 
SignalCOut(l.C : » = 0ASignal<Out(2 : C]))= l" 

{Vi,i 3 /o 5 j 3 /i}, 
{4/0, 4/1,4/1} 



Jjf 4j y> jta* jd JV JuJ : pgi Jbd 



(Unification ^jLj o^k • 
(GMP)«usb ^^jojo ^tjiit oy(s • 

l^*OC «03J ^twywujf ©J*S>SJJ • 



Resolution 



-i,^™.™n(fl v -i Weapon(Y) v -i &Ii(o,zJ v -i Hostile(z) v Qimitial(x) 



-iCrimwcil(}\esil 



Aiwticci^West) 



TAmerican(fyestl V n WMjwnfy) V-i&f/sffVijyizJ V ~i Hostile(z) 



Missile(x) v iVeflffln(.T) 



(feflfoniyj viMsfWetfOWJ v -\Hoslile(z) 



Missi(e(Ml) 



i Mssffef Vj V 1 Ms( Mm/,V\# V -i Hos!ile! t z) 



iMmikfa) V 1 Qwntftfawjc) ^ Sslls(West,x,S'owj 



iStltfWtstMli) v-\ttostilt(zi 



AfratyAfij 



iMissile(Ml) v iOvnsl t Nono,Ml) V i Hosak! t Nono) 




Owns(NowMl) 



-\ Owns(Now,Ml) V -i Hostile(N(mo) 




:4a Ate 

OiLo ^U1Za*>I .VJlaS jl . rt>^^ («* LS^J*^ ) llSJ"^ u'"'" LS?'^""' L?^ rt>-'»'.»^.^.' 4j \sfyys (_£uo oAjl ,1-^23 /jjl li 
ji»il /J3A; CjJW>- ,p^ 4> I) l&jl 9 ASaJ) JU^-I L&;a-UL> plajl L) ,J'JW>- 4j JuJlaJ ,_o .\Jla3 ,\j| 45 rt>^-^ ic- £9>*^ 
CjjW>- 4j ,)"Jta olSoli (IjAjJ L) ASlaj' ,_o Jal Ajjy ^UULui>l 45 ia^i ,_o ojjl /jjl 4j >>c-Lo .\Jla3 /jjl .ALLS ,L>AJ> 
4J\x> CjM«> L JVAwI Vttajto ( (_fl OjIjj gylLuj] 4j A^Jj) .5a£ pbxjl (_$f "J'p Jj " ) oil&uu>l a ^\ cy'S jyn\e> 

a ai> <baj jl coUiJ I ^Uio ol^Lc L> JVazJ <u c^> ,jy\e\j6\j J> ^Resolution jl coUiJ L> J 9 I ,j 

. AJib ,_o (_Ji£. 4>a i o ypP) 

(_^lo . rt>i*^ ^ll*I*»>l I ) ,-Looj P J Oou vot*-o (-0 V5ol> jl J^JUV 4la> ySt> rt^ly i/» Lo 45 AjaJ ,_° <jy" (Vj 
CX 4la> \i\J ^L^J1>1> 4>tJo u >>!>> SUDSt(u,(XJ *JU JAsLo . rt>i;b jLJ ^-LoJlJUV *JU 4> ^Imixil /jylS /jjl Al^Iiaj 
(_^l> 4> CX (_£ 4L»> li , CX (_£ 4La> a V yJ£-o \Jb <_£ljl 4> : A^u ,_o o j Cj ia>zj 4j jJoaC \y*> i_9A> /jylS Ia! . C-u*>l 

• t/ tX&l> L> § csVO term > v ^ 

(UI) (jJ*%a£. i5)tu* aJQjxi 

Subst{^T-'g^a) 



Vx King(x) a Gireerfj^A') => EiiK^x) :Jii. 

Kai^JoIni) .■•-. Gresd}{Johzi) => EriliJalin) 
Kili&lRJchai-tft a CreedyiRjcIisrd} => EviX^Richsrd} 



:Subst({v/g},a) 

J^ £ ' Oi' ^J r^i*^ '^id (Jo VSol>- <4L»> /jl j_^Lib y^° t_S>y. C*i*(l Jol (_^ 4Ji« JjWl/^ ^iB dj 45 j_^l 4Jl»> ii »j I 
p^j i-So g j J^l 4jy> jiLlo ^jj A> j_j| dia> CX a ^^^o <-^£ V/jl ji 4$" i^o ^,0 4Xfl5* SUDStltlOn L> ^jJo j5tjL> 



ground term 



jJl>b olSoL) O .jqJLSb' 45 K J^o^o q V voCo 9 CX 4JloJ>- v& (_£'>! • C*u»l J £>Ju>LO (5-0J (_£.5q>q J^^ L -9-^ <j9^ 
^p (J5^^' 45' lj K Cob , V ^ilo <_f l> 4j CX (_J 4La> ji , CX (_£ <d<k> a V ^ilo (j^-^ <_jljl 4j : r&i;^ tJ^ ^JbU=> 

• Cy Cyt'r^ . °-^ L ' >fcllo /v^>ta olSoU 
(EI) cSi^aQ c5")Ud aiq-ai 

:juXL .j^J j*UJ ^Ij 

3i--ci 

SubstC{Tv'i}. a) 

3x CroimCx) a OiiHead^x.Jolm) :Jt» * 
Cit» iko( Cy) a OnHeatK C L . J0I1/2) 

<_£jb*> 4Jq<oJ Juol jS q AiS ,_o 0,5 iql jj I \ ,-L> yZ> 45 i ili ^9>9 c /j*^> ■^**' V. '-^i ^ "V.y i<* (^^5^9 J5"' 4 4JioJ>- 
jflym) i_9A> . io>Ji ,_o oj^olj rtjq5w>l Cob i_5o JoA> |OU AjI 45 AI5 ,_o i_jL>ojI eloJil /jl (_£l>; lj (_y°b "° q ('-^"■^"j 

.e«J skolemization pb <o ^JS ±i>\£ <_£> jl LS ^\> cJl> ^p^ 

4JqoJ jJq AiS AJqJ' (jAJu>03 2j>,^> u ia*5 JLoX-l ;b ,VAJL> Jolqj' ,_o LS tyo£-\yjj i_9A> b <_£jb*> 4jqoo IcwvJ 
i_9A> (_£.5q>q J^^ (_£M <J J L °->' (V"^ 9 ^9/^ ,j'-* £ '' AilqJ ^-o jb Oo iaiiS (_£.}q>-q J^"' L -3'^ - V. L^i"*' 

4) I ( Jql 4j>^o ^UILuliI ro^'y /j* rOiJ'^ Jt^' )^ lSJ9^ CjMa> jl (_£)&>*> v^fr CjMa> ^tiLm>l (_^l>> /yJ\o3 /r^9 

iq-uj Oo q iq^li Aj lSol> j_^jL^> 4JqoJ iL> i_X) b Jjlqj' ^-o (_^iq>q ;q/*> 45 C-ixol /jjl oJjl -ro^ ^ JjUJ (_^l ^y'r ?!****«> I 

:JulS 4>qj' ylj Jblo 4> .^9*1) (V i^ • C^°^ j_^LibjLj 4jq«J pLoJ jl ^1 4£-q^>to JaAjqJ' Julqi' ^-o ^-oqAf- 



e.A !,^/> ^jaib 1 w/* 



<51 &)V>5 ^GjJjjjI cu cJa1^3 

Vx King{x) a Greedy(x) => Evilfx} 

KiugCJohn) 

GreedvtJohn) 

BrstjerCR.icliard.John) 

King (John} /■■. Greedy(Joha) => EvLl{Jolni} 

KingCRickard) /■.. GreedyCRicliard) => Evil Richard) 

KjngCJohn} 

G nee d y {. J o hn) 

BrstberCR.Lchard.John) 

Kiog^John). Gre-edytJohn). Evil (John}, KLagCRichard), etc 



Y 

Jjls j-Lcl KB liujqj' j}\ \aS& q ^\ CuJ pljiltJ Jjls JjA> KB lo^qy 4La> i_Sy (-jo < Ju5" la2> Ij pljil^l AS" 
o^Ul^l b q r&i-^ Lffi"** b yr b LY^ii. 3 i>^ °^V.V. '—^^915 j_^l Oyy £yS2uj\ do .UbjJ' ^S'y, iVjvjllj .Juob pI JlCa*>I 

i_SO .^jb^?^ Ij a^cjJo i_*ii£. b al> <jl>oj o^^^j j Resolution jloL ^1 o^IjJ* jjU;^ ^kiwl ^Ik ^jq^JI jl 

Cjjla> C-oul>I /j5vA*<Juib rcltlier *jb' (_£nb if^'^ °^iv. pi J j'j^ •*-! .£***> I ,-JoUlob /c^-°j PV (_£"k Oi^ • 

Afra^w b U (_jl ojljf (jU. ^j^SJI .^ 4^-L> Father(Father(Father(John))) Jio ^U^b (jy'jiy 
•rt^is (_o ojUwl Merbrond <syyi jl .bw..^ ajI *ij (_£l o.jjqJi ^o ^Jx^io y>j cjM«^- ^jkbiob q <-%)>> is^" 

: Herbrond v5j3*^ 

jl (_£.}qJi>io (_^ Af-q«J>03 y) j la^qj' <iLa> AjI olSol AaJU pI JlCa*>I JjIS Jql dujy Jjr?!^ i>^l^ °^V.V. J^>*>qJ' CX <Uua> >5 I 

.Cu*)l pIjJl^I JjIs oJui (_^jbx> (_^l "jlp (J^b olSob 

CjLSI I j oJui gymuj] Cjj\a> 45 Jj ib ^q>q /pb^ ^i>s^]\ /c^V. • ^—"^1 v>.-V. rt^o"^" <iL «^' J3I ^y° ij"^ i^ pi U**»>l 

CjLS'I Uslq b^)l 45" Alls' pMtl Oxatloi b aSjj ^bllLujI ^ji- Cj!VU> jjy jj i£ Jjjljj iq>3 ij}^ t^i)^' ^ &^ ig" 

.JjqJ) irQ-> 
y)j Jblo AjijjS ^o AJqJ' (_^^bj b>qj^o b CjMa> 45 C-u*>l AjI /jiqoJ (_£jb*> (_^l by'p Cjy&jZjs jl vSCO (cSo !4a>sJ 



First Order Logical 



jj.y ^j'-J -1*.^^ ^y-*- 0^ tSJL^ ^1 *jljT *T JUj ^ jlfc i. • 

Vx Kiug(x) a Greedy(x) => Evil(x) 
King(John) 
Vy Greedy(y) 
Brotlier{RichardJohn) 



_;.■._• y^. ^1/ j_u. j *_ ■£ y .Evil 1 John) ^ c— 1 ^j« 
-uiL ^ J»j^u 4f j^ ^ jJ ^ Greedy (Richard) _uu 



: GMP r 43t py-uw £tj^t j^lS 

^>j <j 4=o1j i y& (jl^ . subst(9,pi)=subst(9,p'i) aS" 9 L5 ^ol> <^^>u. <_£> pi,p'i,q uiU <_$ljl <b 

Generalized Modus Ponens (GMP) 

Pi', Pi'. - . Pn'. CPl A Pj A ... A]^=>q) 



p- l? Kuisfjohn^ p L is King(x) 

p ; ' is GreraftO} p : is ■Crw^jf) 

6 is {s,'Jolin.y-'Johii} q is EiiJix) 
q fl is Evil^Jobri) 



where p,'B = p 9 for all / 



Ji^J *i£ Uij) j^ j^/l^ ji ^b olSL'u b GMP • 



. CoJ £l_£>l (jy^ ^^ c ^- , 'j' ij^^ GMP.CuJ 2^>o^> ^bui^il (jyls i-5o GMP 45" ib (jLl> -jlgJ ^ys ij^) *i 

jl (c-^b ^y.L> ^ GMP. Aiao ,_* !»L>ol CoJ pjV dS" \j (jLii ^^Sol^- Jaiis (j^^ jVi aS" CuJ ,vl (_j jL> o^ljJ* 

.JilS ,_o jK Jjjb Cola JI^J <-So l%3^ *& (p'jb/. ,_Ijo (V« <_jlft> sfi\^ 

r 
General Modus Ponens 



u^-5-^" lP^ 



\bh 






p 


q 


9 


Know-{JokiL.x) 


Knaw5{Jolui.Jaae) 


{x Jane}} 


Kiiow^Jolni.x) 


Kncw5{y,OJ} 


{x/DJ,y/Jahn}} 


KnawsQohiL.x) 


Know5{v,VIocaer(y)) 


{y.-T<jlm ; x-Motbia-i(r<jhu) } } 


Knows(JohiL.x) 


Knows{x : OJ) 


{fail} 


Kl 10WS(Z, GJ) Vi. **->i iijU jj 


a^-i 



yiij <Jo /jL^So i-fl.U'-'X^ ,-&LaLo CjKLc- JJ3J) ^-o C^tb 45 JJib jLJ ,~>lk ,\oJl>l>- A^Su <*-> A-^V. ""J ^UILuliI jVJlaB 
ai Umiy rt^o )oSUl .Juib ^-o Jql 4yy ^lmui>l <_£uo rt,L ; laSJl (_£jiJl5 f j> 3 iili PU (Cjbo ZiLuSo ALilS AjI . ALul> y 
qi <u XC9l ,_o 13^'' (-olSvlio rclll ( l5\Jlo.JGb >J j-o y ^3^3 l — J J3"" 3 P '} " J"** U""^ 1 . '-™ 3 °^)^ C«9U)i I) <iLa> 
i_9 ibo rclll 1 }S^o Cjjla> jl (j>o ti y*^° i°" >SS*^ LS^i (-£i iilJJUuu>l u 45 AJLLS oilfll»x)l ,_>Lu5nj yot^o j' 4Jl&> 

jj Knows (y. z) j Knows (John, x) ^jl- ^ ji 5L ^i^ * 

1) 6 = {y/John, x/z } 

2) B = {y/John, x/John, z/John} 



JLtL 



^7* j"-? J J 



i 1 J ^r"^** J' L * - ;L -^i j-ijl 



*S" jjb ■>_)*- j (MGU) jL- iisLJx» -jiji ^*j^* iSL Jaoi 



..wc 



^* 



j j 



MGU = { y/Johii. x/z } 



f(x,y)^g(A,B) .^3^ jjjol3>o (_j jL> (jL*Svji JjIs pLoJb ^i- (_j L&Aiu^o 
f(A,x)^f(B,x) .JuLLu^j (_j jL> (jL^5o JjIs pLoJo ^i. cub 3^ 



Unification 



JlLo /Ja^E- Aj .SySo ,»b>ol JGlqS' (5-oJ (_£jb*> ZjLuSo y^° /jUft b >i*^° '-™ J-°b*> t - J ' J™" ?9J (_£9J L^J"*' ijb*»>J J^ 

lj {x/g(x)} ^.l> ^l^o /I { P(g(x),x), P(x,g(x)}b { f(x,x) , f(g(x),g(x))}o,U ^ 

a Ju^>U j-o jjj g(XJ ia> li ia>a^ Xj^bi ,Joj5ol> AjI Aj rt>i^S X jjlSol* K g(XJ .^ laSjl /a^ 3 -V.b r&i>i-\rf 

x/g(g(g(g ))) .jjjjblji ia> 9 <b Colv ui e^ji^ t5>l5>l> £y <^i 

i JuLuuJh (_£jb*> ij"**^i <_K^ y..') ^j'jbf- j' ^5J plA5 

fP(f(x),x) (P(f(x),y) , .. 

I P(x,x) ( ^ lP(y,f(x)) ( ^' 

(P(f(x),x) f P(x,y) 

(P(y,f(y)) u (P(y,f(x)) ^ 

: JuLuuJh (_£jb*> ij"**^i <_K^ y..') ^j'jbf- j' f 9J plA5 

(Q(x,g(y,y)) fQ(x,g(w,t)) 

lQ(A,g(B,C)) ^ lQ(g(A,B),y) ^ 

(Q(B,g(xj) f Q(x,y) 

lQ(g(x,y),B) u lQ(g(x,y),B) C C 



Cj\^> <&j JJlaJ' ,_° /vow $S\\3 Oo . JuJjb C-cJLo bJl jl ,j5o UL3i 45 Cmjj] ,_ >bo JI>*J t_J'^ t - J ~~ V'tji* c^boJJj 
Co^l C-tJLo Jl yid Oo .jl (Ju 9 C-cJLo (_£Uo JW-^J |,inO uj J /J pjJLo <u .jb^i <Uia> Oo b ,5-oJ'l <UioJ>- lxi 
5;a-o jVj <i . Ju^jL) yj yJda J-ob"j JJlai' ,_o Jol Ay'^o (_^bb JIv^J <<_£l by'p (_£bo JIv^J i-Sj4> o . ,ia>i Gib /jb^o 
^ubi^51^3 . Jja-wi ,-0 L_9A> Jal <UJyo /j^*-° (_^'-^^>^'>^ P l? ^ ^' L^^J^^ 9 ■^■'-"■'■'■'-fr* /r^9^^' JO -1 ^ (_£'J l& wtlo 
.AJLojS <*>a-i /V*- c^bbAJo jl 4>q-oJ AJL> 4). Cuul>I uMP C)V^ )' OiUliJ (_£l>> i~3j[xZa fij3 <,Voco 

King(x) AGreedy(x) => Evil(x) 

King(John) 

Greedy(y) 

:4J3*j J^ta olJjb 

Ljjl AJOyoJ jijb olXiV. Oo b C-u*)l pj V ajjD vo Jql 4jJy> Jjlol^ li ^LCHujI j_^Uo ^o jqSJl ^jSoto <b <*5s-L)l jl J^J 
ji^Jb olSob AjI (_^q; m ^q> (_£bo ro-^ 1 . 09^' ty^" 1 ^n^ Ji^ 1 ' Js' "^y /&>'"" "*-! 'j ij' J^ ^5 : ?'5- ^J^ba> a rt>i5^ 



Define clause 



/vo-iiij INOnO ;5^J .JuiaJb 4>Ju*)l rty^>\^Cji (_£Ufc CJlo <&j .jISo vol i_So Aj CvulM CaL> lXi /oj Jjoj j-o ,jqjl9» 
jjuo vol OJJbj^j Oo 45 Cvm>q l J-UO la^iaj' Lib OvJiq^o /oj ^LoJ q JuJjb ^_o OvJiq* (_£j|jjo (_£nlj q JuJjb ,_o ISo vol 

.CvujI |»_v>"> West aS" ±^£ Cob <( iij|j oISjLi ^j j^>^o cjM<>> 4> 4>qj' l> 

• The law says that it is a crime for an American 
to sell weapons to hostile nations. The country 
Xono. an enemy of America, lias some 
missiles, and all of its missiles were sold to it 
by Colonel West, who is American. 



Prove that Colonel West is a criminal 

.C-vul)I rt,^=>L>clo jJjqyL) 4>JU/jl *f*oV?£jO (_£u& CJlo <Sj A5 ,-jlSo vol Oo 

A merican (x ) AWeapon (y ) a Sells (x , y , z ) a Hostile (z ) => Cn min a/ (x ) 

.a*oL> (j^ i_SLiy> ,_f jIjjo <_jIjIj Nono j5^5" 
3x ,Ow«i (Nono,x ) a Missile (x ) : Missile (M l ), Owns (Nono ,M { ) 

.JJl oAJj 41>q 3 Cvujq ( LlJi5 liujqj' L& OvJiq^ /jjl |»LoJ 

Vx , Missile (x ) a Owra (Nono , x ) => SeWs (VKes? , x , ./Vorco ) 

.Cvul)I 4>ju*)I i^-V "-SvJiao 

Missile (x ) =^> Weapon (x ) 

.Cvul)I rt,^2>l>clo Jujjl) LSo vol ,\o-iij <U (_£ iq*£j )&> 

Enemy (x , America) => Hostile (x ) 

.CvJ ^.Ls^^ol (_SL> West 

A merican (West ) 
.OvJ LSo^l t ^«^^Nono jq^S" 

Enemy (Nono, America) 



... it is. a crime for an American to sell weapoas co hostile nations: 

Awerieanfx) .1 Weapon(y)A SeIh(x t y.z)A Hostile(z)=> Criminal(x) 
Mono ... ha? some nri&?iles. i.e.. Ek Qwns{N~ono,x) a Missile(x): 

Own&(Nono,Ml) and Mi^iIs(Ml) 
... all of its missiles were sold to it by Colonel West 

Missile(x) a Oniis(Nano.x) => Selk(\Vest.x,NouoJ 
Missiles are weapoos: 

Mssile(x) => Weapon(x) 
An eaemy of America couaus as ''hostile": 

En.emy(x t Americ&) => Hostilefx) 
West, who is Amencaa . . . 

AmericanfWest) 

Weapon(x) => Missle(x) : x^~& «JU U tf&j* 

Enemy(x ? America) => Hostile(x) 

Arnerican(West) „. c^t ^^;/" c~*j 

/j5U^> tj,^>p g\ziJ\ L) i^i> aiLi>l KB <su q ty^y., *& 15-^3 ^ -^k i_r° d -°' ,i ' -^J^ <ji' • •>¥*> 15- <*^b^>l KB 

|ob>ol JjA^. (jI9u iO CjI£-ML>I Aj ?"t**>b O ici"^ ^uIIa*>I iS C^uj] A^&o /yjbi frlmjyuJ <_£l o^lliwl rt>l> laSUl ,vj Jm^Lj 
<tL>L& jl /jly (-o 1 v> J Co*>l Alooilijil (V»-o (_£ufc.5 v5l>3 jl o^IALojI b laiis ,>"Jta filSou C*>Lo AjIoUj .AlftO ,_o 

. */ Ljkz>] Resolution 



u^-5-^" lP^ 



\W 



ft^— e t£ *j&P) J***J *f tjl ^' 



rimufcflwJPVj^ 



ShfiftrtHi O'HtHt'itint.Mii 



^TFi^^jrj - .Vn ^n,.J flj itj mi 



-J-OLl fi 



-l.-iJ.ll : l I.VJ 



K'i^K.ur.lfJj ] ifeJFttt.WjVaiwJ 




btwktMU 



Hosttfiilfc'iNiQl 



O <tst*'mie,AHi £iwwf.Vi?^?..^iirflrtrflJ 



;<***f 



/ 



tY.T.<nm r rir i L\ , ;m 




NmtiiefNimtt 



Mis w litfW J C^ n iflfalq ^ ft J | EiiwiiYfiftinff..-h*w il-.n 



: Datalog ^iib ol&b 

^ log Data^jiib olSbb Ij Juib ^b J^o-^ jili JaJ 4jy> (j^«> ^lao^l^s jl <_jl 4tj»xo J-^bi 45" ^j^ob olSbb 

o ypp) rt>^J ) 9SUI .JuS ^-o J /)Lol I j 7^ySJ^>\ AoS^ixAi iVauj 5q>q pAC . (/JQ^ oAJi jJim />^>l5 °l™¥. ■^-''- ) - rt>ii5^ 
j_^lo ai> 4> Jim) t>ypp] rt^jaSUl ^Vi^oo-fc . C-u*>l T^yi+o a ,Ul5 Aa] duJy /y^° (_£bo5 r'£ lS'X t^~ ^°- L$j 

juiU cc <da> ^jii^ (jijb oISjL> ^51 ^ cJl> ^5 Jo. 5o>i ^ t-is^io 5o,a>co ^U^I^So ill*; b Datalog 

. C-u*>l )JAju i_jUI>I AS^XiJi /j>\ a 5aw l_ttSoXo C-u*>l ,\5vo^ 

r ; CJjJi> b 45 Juib r ; ^Lio 1 oWc- i_5y <Ub*> /jl pAilo 45 (t>^^5 .- t_X> Ij ^-LJIaS laiiB <t ySo j5 rt^ojaSXJI AjI j5 
a £)5i5 ,Vj5ol> r | U li [\ <.jqJlS /j 4 '.;r*>> 41>^o i5 ly^jJ 5q*i (_£jbo ij""™ C-u*>l oJui ^LCHtol t - 1 )'>5\J ji 45 
^j Jjly ^ Jj^.U'i J^Oo> 45"" Job Jj^.U'i (JuJ (_fbijl^5o jl (JLiLft^- b (jyls ^bb 1 6U& ^>L> 45" AftO ,_^> ojbvl 
JJo>J) ^bjb vjfl I /jLoj )5 oJui 4I>ILJJ> Jjjlii> 45 5o>J) ^o oib ojl>l /jj^>'5 olSou (_£AIj ( ya>bi 4Jloul>oo .Juiib 4L> Lib 
ypyj 4^c M> i^is 4j j^uJ . 5o>i ^-o 4X3^5 ;l5o jJ^-UILuliI (_£uo 05l5 olSou <5 j_^l Diyj+S iqk> 4) ai> 4)q 1 ^UiLm>l . 
JX.-1 ;l>5o' i5 jjhW'1 >^i jl |OlJ5 gt^b 45 jjajlj Jj^.lo'' 4> jLJ p| j\. >1 ySo i5 45\-ol ^j^V. (j*»jljsl y> ^3; (j>J"*> 



.1— <jjj_0 1_-<jjJ 



oJui 43LpI 



\?r 



Jql 4o^ jjklo jS JVAX^I : pfy J^i3 



lj i_9AAi dL»> CjLo'I 45" (KB^joJI Cj!VU>) oJuwO <C>U*o (3ilii> 4> b' ii^S* (_r°.H i-*Sc Cta-uJ 4) i_9JJo jl ^joJJJI /jjl 

J^Li laiis 1 axjI ji 5 ijb ^ <& ,io> _p lJIjl&I aS" Goals pb 4> ,jc*"J L> ^jqixJI ,vl . a^>^> auS - ,y> ^jLjc^ 

j*£>LLc- pLoJ <i5 CsS daj <i 4C*£o *-Sy. /j'5^ E ' ^4 u'3- 1 ' l?° b L -^''^' t — *^~ • ^3^ /5- ic'l^l^ £-**>>\ i-SJJo L> ,)JLwo o 

<_So<i_J*£- 4>o< jb*> ypp) r&-^. )9^' • ^5^ CjLS'I C-cJiSq^ L> (_£;bv 4>lwO u JJa^i LJ> \\ Job CjOalS £-""J O ^3^3-° 
Cox>l /J' 2 ^ 4l»> CjLS'I jjIwO i-^ua^- o rt,l> jaSJI AjI (_^'>> 4lisl> <_£bi (_£ALojlJ a C-uiol ,Ji**Z5 jb /Jj-o-^- J3I rt>^i)5^J' 

•(O(n)) 

. Lft. 4oi> iq> 9 JJi 4 : (ji^> tJLolS'U -i_ftJI 
<dl> ji ^$>y> 1-91-^1 |»Uj b [AxS i_9A& <W>liLo : ,J> olj 

. ^jl^' <_jb& iJjjb jjj JJi 4> :<ji# ljlS"U -i_j 
. i^ ^ pbcjl c*J Memorization ^y a^ ^i^o 4ii3l> iJaa b (Jii gob o^i :J> olj 

c * * 

jLk jju^l iJjjb ) ^^3 iJljjbl (jU J> olj a&oI ls m t_Jb 4> 9j , <jjL> a^^^j p^»> js Memorization 

j jZ£ Alisbv jS (X>$Jj CjLo'I Jjb 5 yS ^ j\j3 GoalSCi^»J ji A& XlujJb .jMoJ*- (jf-^ lJIJl&I a Cu^l cy^JjJ 
O^ji-i (_f lft> !_]> olj (jUjb jl '[jbj CjLuL)b?to i_£j\)£> <_jl> 4) (^£^3 LiljJbl /jl 4) iA>to /jJ^J b a JjaJi ^ <_£ jIa^Sj 
(_^l oiy^uS \qL> 4> <u Co*^l jj i_SJl& J VjJC*/jl i^-ty «— *££■ 4>o i jL*> o ^l>oj «,!; ; jaSJI . io>ii j-o oiUl«^l l iS ^ oJuJj 

. io>i ^-o AZSS 1IS0 O ajq o /jbj 9 ,.<lr>i« /j^*i 9^ 4oU o li 



'(V.n.ivilH^. 




I rtafjtoif jj I nfrimt^ I >'■> 



j u J iiWi ! iauiffcT'M<i J I i'#ifla{ w I j Jl •> ■ ■ ■ 






HbJ.rib.-l 



jr^ir-rflLn^^] flVllrrjfl 



I^^.Vft..; 








';(. , .nnii,>l* i3f . 
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fi^iufj' 



ms,Tjfi.:i 



l^i 



I -tr:u\ 



Sub-goal f 



u^-5-^" lP^ 



\Ff 







I lOrf I || || || 



Y 
y /juj Ad'" ^r^ |°" Li ^r>'" .-uuJaJ 4<oU o /juj AS £mjj\ i^ujaj Ajiljy (_£uo /jbj y LS^iP ^i l3^^° ¥3)i U .J 

oJol .C-ux)l i_XOjJ ;b^o .JMf-l oJjl jjLoJjL) <Jl> „ Ok?!^ .j-u^qj iobo . C-u*>l oJuJj cOlkJ lo Jql 4y yo ■ jr?!^ ^£lL^o 
(_£n->-l b Jjb /)l ^b^o q ^q^i <CC>Uxi j-o^x) i Uxi l*^£ J^ l)^ lA • "^ • r>'^"-.'.- , -° ^5\*jl J' £■ «*»J ibX' Jjttl 

0>\ js. c^J\yj cjj^> aj Robert Kawalsi aJ^Uo ^p oi>\ a^I .jj^ ^J> < ,>ijta /jl i_s$j y %&lJ\ ^L&juol^s 

Algorithm = Logic+Control 

. Coxil CjqUlLo igoS <i iljjlLi*>l Jql 4yy> (jtaLo PvS b 45 JlILuul&> /j^"- (_£"k^ _p N^ J' (_£' <*£-q.o->03 O qJq o (_£Uo <U>bp 

.JuS ,_o ailflLi*>l uo C-ob j_^l y i_X>q5 i_9q >> q Uo yJ£-o (_£m-> <—> s'y <~3q\> jl O qJq y 
. iq^i ^-o dUiqj /il (_£ djJo Jjo q (Wl ( lj"jl ^ >5 l>3 *-5>J iy^V (_£'>? 

.iq^i , ^jP iSlflLujl : — jl (_£ l> 4j 

. JjqJ) ,_o |A> rt,A jl t b 4JJo )i 5q>fyo (_£Uo < Jl sJC-J 
. iq^li j_o ^a>o!l>3 . b <ila> (_£bxDl 

Hostile (z) Criminal A sells (x ,y , z) A weapons (y) A American (x) 

Prolog : Criminal (x) : - american (x) , weapons (y) , sells (x) , Hostile (z) . 

(_£l o3 J-^S iqL> A> a Juj j_o o,iu£«x>l riOm (_£uo,i S I >3 c59) t-^Sc <*jq > (_£jbo o yPy) iy*9j y <^bCHix)l (_^l>> O qJq v; 
/jbj ii ^>$> J-!^ c^"^ t — *i~^ j' is™ • ^y&tr ^ rt^>W. i_r^ °J9>* J^ Lzjqif^^^o C-u*>l oJui oiUI^il ISo vol q /Vjj )^ 
i C-ob' Jjjlqj' j-o o^>LL& C-oul>I jJbULo Jql^ >A b yO\>S- jl ,-jJyo ^1 dJbJi '--"•"^ • i^lOUo C-ou^J jjjjlio O qJq o 
neaCl I) ^-""J >A Jql si^>lC. . SyS -j* )l>^ U i— i*^*- 9^ /y> ^-> V^yt. U4j J^ *-^~ >^ • '^* , b C-ix^J y\ b yJCLa 

. JCoqf (j* tail I; oJjLJb q 



Programing in logic 



l3qJq}J t^swu 4^au(p oabjj 

• Algorithm = Logic + Control 

head :- literal,, ... literal^. 

cri^m^l{K: : — ajrue-n.^ sr. *|K1 .. ^eipon(Y) r sells (K r V^ Sj r r.os^ile ^Z] _ 



J/Js* C—J ^ Jjj: ^Ijj j^i C— J jL^I ** C_J ^. Jj^f JJLil ■ 

{Append J**) 

appendUJ , Y>,TJ ■ 

append { [X| L] ,Y, [X| Zj ) :- append {L, Y, Z) . 

append (A, B, [1,2] } 7 

$M ^L * 
A=[] B=[l,2] 

A=[l] B=[2] 

A=n,21 B=n 

dfs(X) :- goal(X) . 

dfs(X): - successor(X,S),dfs(S). 

. j^j ji_^4^ jijj successor : -j 1 ^ -j^i S jrij^^cO 1 ^ 

append([],Y,Y). 

append([X|L],Y,[X|Z]) : - append(LY,Z). 

: u v 1 ^ - append(A.B,[ 1 ,2]) ? : J ^ 

A=[] B=[U] 
A=[l] B=[2] 

A=[L2] B=[] 



. JJl oJui i Ok?C rt,-& 4j ^La*£> yyt> 4j 45 <Z*m>\ CjJW>- jl (_^l djbji J- "*' ^U y y!b 

. JuuumA ,-oao*C- ;a<u> (_£'J LS^* *^ 3 J9^ ^ Ik wocLo ,-oloJ 

Cjia»z> li ic-^V. ^>P le" £->yy& fjxoS- Jal ^Ja>Ujj^> rt>Io )0>J| b i_J*£- djq i L^J"*' ^ypP) )r ^i fryZJUij] pLoJ 

>5lO (_^l& J> oli JuLS ^o ^>j4j' a AliJlSjj Jj3 Lo <U>^o (V >>l 4j <0 aJa y AXoJ> LXi CjLS'I (_£l>> C-ou^> ,%> dj /.A^ i 

. i^ ^ aifl? Back traking ft y) aj x£ jl>Lj1 I; 

: Cut j^mA 

AS JJbi j-o Ojl>l lj oJ a v> /jbj <^J yy^>2> iVj . C-u*>l (p>> b CUL yy^>$ O aJa u <jbj P r 6 "^ jW"^! CjI ial»«>i jl /j^V. 

. jj5" ljuo jji&ls" 5>^»> jUj b oi^ i_fl3qio j^y ^qSa J>u> jl I; Back traking c'yft^ 

: jl JuLi' iLc- ,y>y \&iuj$ jl oilflLujI iJ^&i JJ) ai 

. 5 S JJfcla>o Ls ^)y\ I ) (_£3Ax^o (_£ufc i_9JJ&oj /ja> 5 jj JJMa> JaE- vJ' £>. V"-> i<M> AjAjy 

. iy^ JJbla> i_9^xo tJ,y^S AJisU- U^ <U>L>^> 

: Cut j J*** jl odl&J ^jlj* 

<u -bap (_o CUt Ajlobo . C-oul)I <C3b Ajxo i_9A& t^Jiy M C-oujii <J3^ ^ frtt.5-* J . '-^rS.H ^i r^^'5^' it" ^ ls* ') 

. JuJjb (5-o-> i— *&£• 4j C*^ij jb 4; jlJ a (c^ ) ic° Cam>\5 i_9A& <&j ,Jt^ <Cobl K ymJ> /jjl i5 I 

4obl I) yy^-° (V.I >^V.^ 9 C-oujl oJjli (-> i-SJJb b Jj^K?'' (_^l>> /pb <Cobl rt^oaSo O aJa o 4> rt,^&la> j-o AS^Jtej 

. .ia-Ji (_o oiUl»*)l <al«^i AjI jljjbjj 

?cwb ijb->5 dj >>Lo 45 -V.aj /J* ^ysy. ^i CUt iaLuL>5 ft>i-^-' -^yy I) o^°-° lS^*- 1 . lS^ &"* - r^i^'5^' i_s* lP J 

: JujLo yS 4>aj' uj Jb-o Aj 

P:-a,!b. a A b^P 

P:-c. c^P 

: A JJbw 

Jl jlJ ai (_£l by'p Jjlo^ ;i . C-u/J (_^l by'p 13L2JL0 <i ( LJi>o AISu lib il <Ji>uxJ 'Jal ^ y° .JjIaJLo CjJW>- (_^l>> iUI^u 

l^jl jl (jSo VJ IjJ vSoA>0 JaS^O Jl jl*} ai Jal 4aJ\^ JjjaJLo li Lol Jmib ^Soi ,j^>»0'' (j^V. >J IA1Luul&> 3oJl5\j Jo^o 

:Ju^)b j-o oj JS^Ji 4j Jal Ajj yo /r\-t\n \$ IvCSOlUtlOn /jails, ia^i jLuJ /jLuSo ^Jy\j5 ,j^>»o'> 



Resolution 



(ij V - ■ ■ V £j V (_j V ■ ■ ■ V £ V WJj V ■ ■ ■ V IHj_ 1 V JfL +1 v ■ ■ ■ v rwjfi 

Umfy{l i: ^iDj) = e <r 

—iRich(x) v Unhappy (x) 

Rich(Ken) with e = {x/Ken} 



Unliappy(Ken) 

jj^. JjAJ CNF ^jAtsp JU^; fjB 4> cjMojs- c^J pjV J3I aj^o jU:^ ji Resolution jl eiUiJ ^1^ 

: CNF 4J JbjUJ J>ly> 

A c£$J v £>j>> 



a 

Skolemization 



duj^j \ j y j-^lS ^jij ^k lLlu^i i j ljLjI^ ^ 4_^A i£ jj£ ja - CXF J^jj ^-oj^ ^ t^^ 

Vi[V>L4H?>Hfl/(v) => Iovias(x, j/)] => [zyLovesiy.x)] 

', 'A , jji, ' i Lft al tlli il l 1 

Vx[— yy-i^mma/(> f ) v Ioves(x, v)] v [EyLm^^x)] 

— iVx,_p = Bx-^-clx, j? = Vx-p : 
V,r [ 3y— 1( — u4f? rw/ai ( v) v Loves(x> y))] v [3yLoves(y, x)] 
\fx[3y-i-Anmml(y) a -iLorar(Xi v)] v [zyLoves(y.x)] 
'Vx[3yAmmal(y) a -ioves(x. v)] v [3vLove.f (y.x)] 

Vx[EuMmfl/(>') a -iLoves(x, y)] v [3iIoves(i.x)] 

"ix[Animal(F(xj) a -iLove.?(x. F{x))] v Lom?(G(x), x) 

[Jr™a/(T(x)) a -cloves (x.F(x))] v Loves(G(x\x) 

[jlHWifl/{F(x)) v Lovej(G(x),x)] a [-Loves(x, F(x)) v Loves (G(x).x)] 

:l& jmjuc ^g jt*> £ jt Jut* t 

votlo i_So jl (vilo JJlaJ' /f -* JS*** L -^i 9 ^"^ a^lfl.V.iA»l yJ£-o t->j jl SA> \<y>} jjt d5 C—uliLoio /jjl <iu (_£JLjJ i iljJU^il 

ojUlJ ^LoA (jU^^^iio jl ^ ^i aS" [V x, p(x)] v [B x , p(x) ] Ji« <jjM*> ,j\jj ^jI^Uj . al£" coUlJ 

<u i ib i jSvLoX- 0JJ> Oo ;5^> >& i yS ,_o Cj ;**^> L&iOax) $ &\o£- OJa> 4j 4>qj> b <^>LLo (_£bi |OL> y^uo . A^l A&la>L> 

• ±k ^ ckk ] k ) k 3 £s^[ k ( k 
Vk [3y Animalj) a-iLcve$/l$] V [3z Iore5(z,jf)] 

.ijb 
.C—uliI oJmi iaJi>^o p «,} ia>axi X q iljl C[ )i ia>^o X: Jli-o 

^ 3 x[p(x,y)] q (x) 



free ' ' 



.^^jaI^w F (xi, xn) 0,$*? 

3 x,p(x,y) 

Vx, By p(x,y) 

BxVyVzBuVvBw p(x,y,z,u,v,w) 



( A^ -jj^IS" (^ai^o ) ": c*J J>lL> <d<o- (CNF) clause ^ ^jL> ajl. j? pIaS" 

[Vx, P(x) -Q(x)] -R(a) 



( " ' ~y^r°^ is^"^c° ) t —"*>l i_H"^° '—'J™' i)^>.'.°'' Q.'y plAS 

3yVxVz[P(x) AQ(x,y) ->R(x,y,z)] 

( IT-AT ) 1 c^>l JjliLo <d*> clause p^s ^j ijl^o jl i_So pIaS' 
[Vx, S(x,R) -+ L(x,G)] -+ H(R) 



: Resolution «ijj* jd Jl*« 

: ,t^jb lj ji j KB Ju-LS" (j^>^ 

. c<^ol J£Lo 4jS jl b iib c-ouL>ai I) jJLuJl L> iS^*> >& (i qJI 

. c<J t_S^ eiL. Rover (i_j 
. ijb c^ 5 i lj U> <b^ Rover (2; 

. Jj ib C-u*>oO 1 1 Ub Aj S iS AuunJb IaXaJ jl ig^axi X^S CjLS'I : rtp^ 

.X la^L>aJ' L& 4) iS jl /j^o; viHo : rl(XJ 

.X /j^^J i-Xul> i_9 jjus '. L)(x) 
. X Li^qj' (_£^>3 Al^ib C-ouL>ai (_9 oio : L(XJ 

LiJD Vx D (x) ► L (x) v H (x) 

v ) D ( Rover ) 

g) ~H (Rover) 

,^>: 3x ( D (x) a L (x) ) 

:VU(Sj1^oCNF 



w^ 



J9I AjJjm jjklo jS JVAX^I : pfy J^iS 



LiJD ~ D (x) v L (x) v H (x) 
J) D ( Rover ) 
g) ~ H ( Rover ) 

^> : D (y) a L (y) 

<£> L y^ : ~ D (y) v ~ L (y) 

: Resolution pi* jj£M 

. *^ (-« iJi-V J^Ij" <_jta> CNF <k ,CNF 4> ojlj? Ji-V ipjj ^ Ij r 6 ^ - o^^ 3 t - J W > >^ 
. ^u*^j <j^> ^ b (t^ (j« JU-^I (^Loj b Atyc^o ^1 aj Ij Resolution jyls 
~ D (x) v L (x) v H (X) ~ D (y) v ~ L (y) 



~D(y)vH(y) 



~ D ( Rover ) 



~ H ( Rover ) 




r&i-^^j 



D ( Rover ) 




u^-5-^" lP^ 



i Arneriaitt{x) V -i Weapemiy) V -i 5eUs(x,\\z) V -i Hostile(z) V Crimmal(x) 



WY 

:Resolution -kw^j West ^ajj |»>xc otot 




: Resolution 4JL-3 4j jake,Tuna Jl** 

Jake owns a dog . 

Every dog owner is an animal lover . 

No animal lover kills an animal . 

Either Jake or Curiosity killed the cat , 
who is named Tuna . 

Did Curiosity kill the cat ? 



A. 3x Dog (x) A Owns (Jake ,x) 

B. Vx [ 3y Dog(y) A Owns(x,y) -> Animal lover(x)] 

C. Vx Animallover(x)^Vx Animal(y)^~Kills(x,y) 

D. Kills(Jake, Tuna) v Kills(Curiosity, Tuna) 

E. Cat (Tuna) 

F. Vx Cat(x) -> Animal(x) 



wr 



Jjl <U'^o jjklo ^ JVa^J : ^ J^iS 



A1. Dog(D) 

A2. Owns(Jake,D) 

B. Dog(y) A Owns(x,y)-^ Animal lover(x) 

C. Animal lover(x) A Animal(y) A Kills(x,y)->False 

D. Kills(Jake, Tuna) v Kills(Curiosity, Tuna) 

E. Cat(Tuna) 

F. Cat(x) -> Animal(x) 



Dog(D) 



•Dog(y) A Owns(x,y)->Animallover(x) 




Animallover(x) A Animal(y) A Kills(x,y)->False 



Owns(x,D)-> Animal lover(x) 




.JuoLj ^q>- Cu*>l /S^oja .jl /ciMlj Lol CSu A&la> 1 1 (P'Lol J 3^9 Cj\yjs ij rvCSOlUllOIl /jyls rtf&yj) i --*^>. ^y.y^ 

^'Mo^-jJI^cJ i_So laJiS cM<o- jl ^jSo 45" jj^> ojUlJ Resolution Jyls jl ^.olSLft. Jl&j ^ &>-y J^J) ij}) 
*j ib (-x^ L° ^5 C-oul>I AjI (P3) /Vj ) J J 3^3-° oJjI.Juuju (JJa^i j-o oJ_ooD Unit Cl&USC JJib Jl CJ Oo v->o^ 45 

(OxS'jDo.Jojb (_C^5\>a5 CjIjLe- 45 jajj oib Co Jal ,~>lk ^UJCujI 4j Cu*>l il&J IJJ n^S5 jbxjl /Jl>- o->o 

,jy&>^> jlo jJy dj ^xio <ui^>j!> P v Q v RjuoU (j^So j 4U> y> 3 P J^Lo <iW <-£>. <_?'>; 'Resolution 
<_So (j 5 l>job Resolution jl 4i>y> y* <t jl ;J 45" cJ Resolution jl (Jjjjj?^ p^j^lj C03J5I .j^ ^ 



unit preference 



J^lS" jj^st, f>ji 4> ,jjjb alSjb (jl^> LI c^> J-olS" (JiS" cJL js ,jp\jzJ ^j|.juiL(Unit clausejj^lj cj^Lo 

: ir ^LyywJ4fi^Aab6 

jl j-i^o Co*>l ji^i .US' cJL ji LI jsi^tt, sJuaXiaJj ^a ^JjIs i-^j^j'ResolutionjI oiUiuJ j$ aS" ,~>L> pjiij' 

(_£l 4£q<&>^o oj ^LujU^) L> (pq i iVj.A&i j-o |Ol>ul I j )15 AjI /jL^JC*!!) 4Cq<o^e-o ,yJQ s .Aja^i i_9A> L& rvCSOlUtlOIl 

^>p 4L> L> 1^ /jLjcJb 4tyk>u> jl (_jl <d<k><Resolution yt, .aiS" ^ fj^S /jL^o 4cq^>^> p\j aj cjMoj>- jl 

ji^Jb olSob | }5 4> C^uJ /jLaUI; 4Cq<&>^o >3 1 AlS ,_o ASL^pI /jLaX*I1> 4Cq<&>^o 4 K 4>lJo q Ao ^-o t— *p vJ i/jl 
</jLaLJ1> 4£-q<&>^o (_£l>> (--oujlLoU i_jL>loI Oj^lJJ AjI li . JuJj JJMq> i_X>qj )™^> a>cl*^> (_£LziS Ju^)L> <_X>qj 
j-o AJaJ' M (jjlyl (_£«* C*>ii d5 Co^l C-oj-o iVj (_£nb /jW"*V. 4&q«,>Lo (^>j'>***>' .i>5 JJMa> J-oIj u I) rtj^o j aSUl 

.A*oL; ^ 1^5* i_9A&> (t^jj (jjl I vJ J A*oL> ,_o /jL>l il^il t-S'ji ,_f L; t-Jii-l AS" JuLS" 

j-o ^£ y ^>p aL> i_So L> 1^ (ji^^j L> KB jl ) i_s^$j$ ^j^L> jl (jSo (Resolution y*> ^^'^J ^1 j$ 

ji^Jb (_^lAJblSoL> ii .AJo jj« oilfl^ujl /pq; /Vl jl C-u/l>I (_£;o>w ,p^ c£rr^ ^ West /pv P)-*^ Cj\^>\ .AlS 

KB jl ^^ s-^y 1 -^d Ui c ^' lPds J*^" (JJjI/^I jl (j^y ( flj^l ) Modus Ponens jyls 'j^ 

Cj sy& 4> 4j j-iiJb j_^U-&lSoL> (_^l>> <_£.ia;a ( LJl>o Aj i iljj jj^c*}' AjI olo. AlS ^-o uj J CjJW>- vSoi L> Ij /J uz:> l 

. C^loI ( Lol5 L> jJij CJl> li Lol Ju^jL) ,LIj A.-'pA..th /nq& 

•jlqit dj.AJLS' ^ i_9A> KB jl «JuLuul&> KB jS ^5^$* <J Juk> i-So jl (j^L- cJL d5' Ij (J'MoJS- ploJ (j^jj (_vl 
Cjjq^o 4) <KB ^yl^Sj 4) (j*>9J (Vj .Cou^J P(A) /jiqjil 4) jL><Ju^>L> iq>q-o KB ji P(x) <ULa> S lijLo 



set or support 

Input Resolution 

subsumption 



